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[ 5 7] 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 engine combustion chamber. The width of 
the channels at particular 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 andradial 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 later 
ally into the side wall planes for cutting the channels. 

. The number of passes required for the cutting opera 
tion depends on the width of the tool and the width of 
the channel which varies over the length of the com 
bustion chamber. 

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

This is a continuation-in-part of application Ser. No. 
‘225,143, filed Feb. 10, l972 now abandoned, which 
was a division of application Ser. No. 852,121 filed 
Aug. 21, 1969, and U.S. Pat. No. 3,678,802. 

SUMMARY OF THE INVENTION 

The present invention is directed to the formation of 
cooling channels over the variable diameter length of 
a rocket engine combustion chamber having a conver 
gent-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 mono 
lithic 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 requi 
site ef?ciency and the operation takes place under ex 
tremely high temperatures. Accordingly, in liquid fuel 
rocket engines, it is customary to cool the highly ther 
mally stressed combustion chamber walls by ?owing at 
least one propellant component of the combustion pro 
cess 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 direc 
tion of the combustion chamber, collecting the propel 
lant component in another ring at the opposite end of 
the nozzle wall from which it is fed through an injec 
tion head into the combustion chamber. As mentioned, 
the cooling channels extend in the longitudinal direc 
tion 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 combustion chamber and to main 
tain a mean wall temperture over its length, it is neces 
sary to remove greater amounts of heat from certain 
locations due to the higher temperature at those loca 
tions and this heat removal is achieved by a liquid cool 
ing medium passing through the cooling channels. One 
means of achieving heat removal is by varying the cross 
sectional area of the cooling channels over the length 
of the combustion chamber for increasing the velocity 
of the liquid cooling 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 multiplicity of in 
dividual members within which the cooling channels 
are formed rather than in combustion chambers 
formed of a monolithic tubular wall section. With re 
gard to monolithic tubular wall sections it has been the 
experience in the past that the necessary dimensioning 
of the cooling channels can be achieved only in cast 
combustion chamber-thrust nozzles. However, such 
units made of cast iron are, for various reasons, unsuit 
able for heavy duty combustion chambers. Accord 
ingly, the formation of cooling channels which are ade 
quate for removing the heat generated in the combus~ 
tion chamber thrust nozzles still provides considerable 
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2 
difficulties apart from the fact that the manufacturing 
methods used up to the present time are expensive. 

In the patent to Stockel et al., ‘U.S. Pat. No. 
3,595,025 issued July 27, l97l, the side walls of the 
cooling channels are defined by planes passing through 
the center line of the monolithic tubular wall section, 
accordingly, it is not possible to vary the widths of the 
coolant channel to accommodate varying operating 
conditions. 

Accordingly, it is the primary object of the present 
invention to provide a method and arrangement of 
cooling channels in a monolithic tubular wall section 
for a combustion chamber-thrust nozzle of a rocket en 
gine in which the cooling channels are easily and eco 
nomically formed. Further, the dimensions of the root 
or base of the cooling channels and also the dimensions 
of the channels on the outer surface of the tubular wall 
section can be varied to obtain the optimum operating 
conditions both for heat transfer and for the closures of 
the coolant channels on the radially outer surface of 
the wall section. . 

Therefore, in accordance with the present invention, 
the individual cooling channels are formed for their en 
tire length or for individual sections'of the combustion 
chamber between cutting planeswhich extend longitu 
dinally through the monolithic wall section and inter 
sect in a vertex line which may be offset from the cen 
tral axis of the combustion chamber. The cutting planes 
are determined by the mean channel width of the cool 
ing channels at specific locations, such as at the oppo 
site ends of the combustion ‘chamber and at the transi 
tion 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. Initially, a tool reference plane 
is established along the plane of symmetry of the cool 
ing channel and then the tool is displaced into a work 
ing 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 formation of the opposite 
side wall of the same channel is effected in a similar 
manner with the displacement of the tool from the orig 
inal tool reference plane corresponding to the plane of 
symmetry of the channel into the cutting plane dis 
posed in parallel relationship with the adjacent radial 
plane of the combustion chamber. 
By means of the present invention, the cooling chan 

nels can be easily formed to accommodate the various 
thermal stresses which exist within a rocket engine 
combustion chamber-thrust nozzle and it affords a sim 
ple production method within the geometric and con 
structional limits of the variable dimensioning required 
of the channels. With respect to cooling channels de 
fined by planes extending through the center line of the 
combustion chamber-thrust nozzle, by displacing the 
center either closer to or further from the wall in which 
the channels are cut it is possible to maintain the cross- ' 
sectional area of the channels while varying the width 
of the radially inner and outer surfaces of the channels 
in accordance with the conditions to be experienced. 
For instance, where greater heat transfer surfaces are 
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required at the base of the channels, the base surfaces 
can be increased without appreciably altered the cross 
sectional areas of the channels. In cooling channels, 
while the differences in dimensions may be small, by 
displaying the center through which the side walls of 
the channels pass compared to the center of the tubular 
wall section, it is possible to achieve optimum operat 
ing conditions. ' 
By employing the present invention the number of 

coolant channels can be reduced while maintaining the 
same total channel cross-sectional area, and, of course, 
the reverse is also true. 
In view of the extremely high heat transfer rates in 

volved where thecombustion chamber temperature is 
at about 3,000°C and the pressure is very high, the var 
iation afforded by the present invention assures opti 
mum operating conditions. - 

The various features of novelty which characterize 
the invention are pointed out with particularity in the 
claims annexed to and forming a part of this speci?ca 

- tion. For a better understanding of the invention, its op 
erating advantages and specific objects attained by its 
use, reference should be had to the accompanying 
drawings and'descriptive matter in which there is illus 
trated and described a preferred embodiment of the in 
vention. I 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing: ' 
FIG. I is a partial longitudinal sectional view of a 

rocket engine combustion chamber-thrust nozzle illus 
trating the method of forming the cooling channels in 
accordance with the present invention; 

. FIGS.v 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 chambenthrust nozzle; 
FIG. 20 is a transverse section, similar to FIGS. 2, 2a 

and 2b indicating the variation in cooling channel di 
mensions obtained in accordance with the present in 
vention; 
FIGS. 3, 3a, and 3b are transverse sections similar to 

FIGS.‘2, 2a and 2b taken along the line III'— III in FIG. 
1; 
FIG. 3c is a transverse section, similar to FIGS. 3, 3a 

and 3b indicating the variation in cooling channel di 
mensions obtained in accordance with the present in 
vention; and _ 

. FIGS. 4 and 5 are top views of the cooling channels 
illustrating the positions of the cutting tool in the for 
mation of the channels. 

DETAILED DESCRIPTION OF THE INVENTION 
In FIG. 14 av combustion chamberathrust nozzle body 

I is shown containing a longitudinally extending cool 
ing channel 2, though not shown the body 1 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 1 is 
formed of a monolithic tubular wall section of variable 
diameter along its length.’ One end of the body 1 is 
formed by a cylindrically shaped section 1a, the oppo 
site end is formed by a diverging section lb and a con 
verging section lc extends between the cylindrical sec 
tion 1a and the diverging section lb tapering inwardly 
from the cylindrical section to the transition plane be 
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4 
tween the converging section 10 and the diverging sec 
tion 1b at which the minimum diameter of the combus 
tion chamber exists. I 

The width of the cooling channels 2 is determined, in 
addition to geometrical and constructional require 
ments, by the stresses within‘ the combustion chamber, 
particularly the thermal stresses though mechanical 
stresses must also be considered. Within the combus 
tion chamber the highest thermal stresses occur in the 
range of the converging section of the thrust nozzle and 
decrease in the diverging section. Accordingly, to in‘ 
crease the velocity of the liquid cooling medium ?ow 
ing 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 converg 
ing sections of the combustion chamber as compared _ 
to the diverging section, note FIGS. 4 and 5. In particu 
lar for ‘geometric reasons, the cooling channels 2 are 
most narrow at the neck or transition point between the 
converging and diverging sections. However, to pro 
vide the maximum heat transfer surface it is important 
to increase the width of the channels adjacent the inner 
surface of the tubular wall section. ' 

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 transi 
tion point between the converging and diverging sec 
tions 10, lb and the width y for the cylindrical section 
la. 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 V1, V2 intersect at a line S1,2 offset from the 
central axis ZL of the monolithic tubular wall section 
body 1. The cutting planes V,, V2 are established for a 
means 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,, V; extending through the central axis 
ZL of the body I and disposed in parallel relationship 
with the adjacent cutting planes. 

In the step of forming the channels, 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 R‘, the 
tool W is displaced laterally in the direction of the 
arrow h into the cutting plane V, arranged in parallel 
relationship with the radial plane. With the side of the 
tool W corresponding to the cutting plane V‘, the cut 
ting or formation of the channel side wall is com 
menced by permitting the tool W to move into the 
monolithic tubular section body 1 for the depth of the 
channel and, as indicated in FIG. 4, the tool progresses 
from the position a in the cylindrical section 10 of. the 
combustion chamber to the position b located at the 
transition plane between the converging section 1c and 
diverging section lb. In this manner one side wall cor 
responding to the cutting plane V, is formed. Similarly, 
in a mirror image fashion, as shown in FIG. 2b, the op 
posite‘ side wall of the channel 2 is formed following the 
same procedure as set forth above. In the formation of 
the side wall V,, the tool W is moved in the direction 
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of the arrow i 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 re 

sult, if the width y is greater than twice the width x of 
the channel 2, it is necessry that an additional cutting 
operation be performed to remove the portion of the 
body 1 remaining within the channel cross section be 
tween its side walls. Such as additional cutting opera 
tion may require one or more individual longitudinally 
extending cutting steps. 
As indicated previously and as shown in FIG. 3, 4 and 

5, the mean channel width z at the end of the diverging 
section lb remote from the converging section 1c is 
greater than the width y at the opposite end of the com 
bustion chamber. As a result of this characteristic, the 
cutting planes for the cooling channels extending from 
the end of the diverging section lb to transition plane 
between the converging and diverging sections inter 
sect along a vertex line 83.4 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 1b to its point 
of intersection with the converging section 1c 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 located out 
wardly from the cutting planes relative to the location 
of the cooling channel, as distinct from the arrange 
ment of the cutting planes V, and V, which were lo 
cated outwardly from the radial planes R,, R2. Initially, 
the tool reference plane W8 is congruent with the 
‘plane of symmetry KT of the cooling channel to" be 
formed and then the body 1 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 di 
rection of the arrow i, 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 indicated by 
the arrow to position (1 corresponding generally to posi 
tion b of FIG. 4 which is in the transition plane between 
the converging and diverging sections 10, lb. After the 
formation of the side wall plane V,,, the oppositie side 
wall of the channel located in the cutting plane V4 is 
formed in a similar mirror image fashion as indicated 
by FIG. 312. 
Since the divergency of the cooling channels in the 

direction of the diverging section lb is greater than in 
the direction of the cylindrical section liz, 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 indicated 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 di 
verging section of the thrust nozzle. However, when the 
'channel walls corresponding to the cutting planes V,,, 
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 (I in FIG. 5 to 
avoid damage to the continuing side walls of the chan 
nel located on the opposite side of the transition plane 
at position d. 
Accordingly, a very thin cutter tool W, that is, of a 

small width or a cutter tool having a very small diame 
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ter 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 V,, V2 beyond the position d. 

It is possible to form the channel side walls in the 
converging 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 position c. ' 

In FIG. 2c the cutting planes V, and V2 for the side 
walls of the channels intersect at a line Sl,2 offset out 
wardly from the inner wall of the tubular wall section 
relative to its central axis ZL. The planes R1’ and R2’ 
intersect the mid-height of the opposite side walls of 
the channels and intersect at the central axis ZL. It can 
be seen that the formation of the coolant channels by 
the cutting planes V, and V2 affords a variation in the 
width of the channels at their base or'root P adjacent 
the inner surface of the tubular wall section and at the 
radially outer surface 0 of the wall section through the I 
cross-sectional area of the channels formed by the cut 
ting planes V, and V2 is approximately the same as that 

' de?ned by the planes R1’ and R2’. The reference letter 
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P indicates the increase in width along both sides of the 
base P of the channel relative to the outline formed by 
the planes R1’ and R2’ providing increased heat trans 
fer surface, while reference letter 0 indicates a reduc 
tion in width at the outer surface 0 along both sides of 
the channel affording a greater area of support for the 
closure for the radially outer surfaces of the channels. 

In FIG. 3c the line 83,4 is closer to the inner surface 
of the tubular wall section than the central axis ZL 
thereby reversing the width relationships at the base P 
and outer surface 0 of the cooling channels as com 
pared to FIG. 2c. The cutting planes V3 and V4, inter 
secting at the line 53,4 de?ne the side walls of the chan 
nel. The planes R3’ and R4’ intersecting at the line ZL 
also intersect the side walls of the channels at mid 
height. The cross-sectional area of the channels defined 
by the cutting planes V3 and V4 is approximately the 
same as defined by the planes R3’ and R4’.-The differ 
ence as comparedto FIG. 20 is that the base of the 
cooling channel is‘reduced by 2p and the width of the 
outer surface 0 is increased by 20. As a result, the cool 
ing channels formed in accordance with the present in 
vention afford accommodation of the thermal stresses 
experienced in the monolithic tubular wall section, 
and, in addition, the adjustment of the surfaces at thev 
base and outer surface of the channels to meet the vari 
ous operating conditions involved. 
What is claimed is: 
l. A wall member for a rocket engine combustion 

chamber comprising a longitudinally extending mono 
lithic tubular wall section having a cylindrically-shaped 
section at one end, a diverging section at the other end, 
and a converging section extending between said cylin 
drically shaped section and said diverging section and 
tapering inwardly toward the axis of said tubular wall 
section from said cylindrically shaped section to the 
smaller diameter end of said diverging section, a multi 
plicity of separate coolant channels extending longitu 
dinally along the outer surface of said wall section and 
being continuous for the axial length of said tubular 
wall member, said channels having a variable cross sec 
tional area along their length in accordance with the 
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temperature conditions experienced within the rocket 
engine combustion chamber, the width of said flow 
channels being substantially uniform for the extent of 
said cylindrically-shaped section then diminishing to a - 
minimum in the transition plane from said converging 
section to said diverging section and increasing from 
the transition plane to the end of said diverging section 
and width of the channels varying in direct relationship 
to the diameter of the tubular wall section in its differ 
ent sections, the longitudinally extending side walls of 
said channels being disposed in planes parallel with and 
offset from radial planes extending through the longitu 
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dinal axis of the tubular wall section with the planes of 
said side walls of each said coolant channel in each of 
the different sections of said tubular wall section inter 
secting at a location offset from the longitudinal axis of 
said tubular wall section, and each said coolant channel 
having a plane of symmetry dividing said channel and 
extending through the axis of said tubular wall section 
and the plane of symmetry of each said coolant channel 
and the planes of the opposite said side walls of each 
said coolant channel intersecting at‘a location offset 
from the longitudinal axis of said tubular wall section. 

* * It‘ * ll‘ 


