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HEAT EXCHANGER

ORIGIN OF THE INVENTION

The invention described herein was made by an em- §
ployee of the United States Government and may be
manufactured or used by or for the Government with-
out the payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION 10

In the prior art one widely used method of construct-
ing a rocket combustion chamber involves forming an
inner wall, machining longitudinal channels into the
wall and then forming an outer wall by techniques such
as electroforming or the like. With this method, the 15
minimum dimensions of the cooling channels is re-
structed due to machining limitations and other factors
such as the type of material being used. Additional
difficulties are presented if it is desired to have the cool-
ing channels arranged in a spiral configuration around 20
the rocket chamber.

Photoetching techniques have been used in the past
to form in metal rings radial slots on the order of 0.005
to 0.125 inches in depth and extending radially inwardly
between large cooling channels formed by stacking the
metal rings and the interior of the chamber formed
thereby. None of these slots align with ones in adjacent
rings so-that the interior of the rocket chamber is a
porous like surface through which coolant is injected to
provide transpirational cooling.

In rocket chambers of the prior art, fuel is often di-
rected through the cooling passages in the wall of the
rocket chamber. The fuel is usually delivered to a mani-
fold around the rocket chamber by means of pipes or 35
conduits connected between the manifold and a fuel
tank in which the fuel is stored. Such pipes or conduits
add weight to the engine, as well as causing problems of
assembling and presenting dangers of external leakage.

OBJECTS AND SUMMARY OF THE 40
INVENTION

It is an object of the invention to provide an im-
proved heat exchanger specifically applicable as a
rocket combustion chamber in which the heat-transfer 45
efficiency and operational features surpass limitations of
other prior art. )

It is another object of the invention to provide a heat
exchanger in which both cooling channels and coolant
feed channels are disposed in the walls of the rocket sg
chamber. :

It is a further object of the invention to provide a heat
exchanger in which spirally configurated cooling chan-
nels may be easily formed.

Still another object of the invention is to provide a 55
method by which a rocket chamber having a highly
efficient array of spiral cooling channels may be easily
constructed.

Yet another object of the invention is to provide a
heat exchanger which may be made of materials having 60
a lower value of thermal conductivity than normally
required.

An additional object of the invention is to provide a
heat exchanger wherein the profile shapes of heat-trans-
fer fins are unlimited and, therefore, provide fin profiles 65
having regions-of less stress concentration.

It is another object of the invention to provide a heat
exchanger having longer operational life when sub-
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jected to cyclic modes of operation due to the inherent
fatigue crack arrest feature of stacked plates.

An important object of the invention is to provide a
heat exchanger having heat-transfer fins and cooling
passages of sizes smaller than heretofore possible
whereby a greater number of fins and cooling passages
may be provided than in the prior art. ‘

In summary, a rocket chamber embodying the inven-
tion incorporates microsize cooling channels in rings
which are stacked to form either straight or spiral cool-
ing channels. The rocket chamber may also include
coolant feed channels formed in the stacked rings. A
method of easily constructing a rocket chamber having
spirally configurated cooling channels is part of the
invention.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a pictorial plan view of a portion of a thin
metal ring configuration suitable for constructing a heat
exchanger.

FIG. 2 is a longitudinal section of a stack of thin metal
rings taken along the line 2—2 of FIGS. 1 and 3.

FIG. 3 is a pictorial plan view of a portion of a thin
metal ring configuration showing a variation in the
shape geometry of cooling channels.

FIG. 4 is a pictorial plan view of a portion of a thin
metal ring configuration showing both cooling channel
openings and coolant feed channel openings.

FIG. 5 is a longitudinal section of a stack of thin metal
rings taken along the line 5—5 of FIG. 4.

FIG. 6 is a pictorial exploded view of a plurality of
rings such as that of FIG. 1 with each successive plate
rotated slightly.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring now to FIG. 1, there is shown a portion 10
of a thin metal ring containing a plurality of cooling
channel openings 11. The area between any pair of
cooling channels serves as a heat-transfer fin 12. For
purposes of heat-transfer analysis, each of the fins 12 is
considered to include a cross-sectional area as the
shaded area 13. However, for purposes of explanation
the radial thickness of each fin 12 will be considered to
be that defined by the dimensional arrows 14 which also
define the radial thickness apertures 11. Also, for pur-
poses of explanation an inner wall is defined by the
arrows 15 while an outer wall is defined by the arrows
16.

The apertures 11 are formed in the thin metal rings 10
by photoetching techniques which are well known in
the art. By these techniques, the cooling passages 11
may be made extremely small so that a great number of
them may be distributed around the ring 10 to increase
heat-transfer effectiveness over prior art. The radial
thickness of the cooling passages 11, as defined by ar-
rows 14, is limited only by the radial thickness 15 of the
inner wall 15 and the radial thickness of the outer wall,
as defined by arrows 16. The circumferential width of
the cooling passages 11 may be made as small as and as
large as desired. However, in keeping with the inven-
tion, it is desirable to make the circumferential width 17
of the cooling passages 11 very small, preferably from
about 0.002 inch to 0.040 inch.

Referring now to FIG. 2, there is shown a longitudi-
nal section of a stack of plates 10 showing the passage-
way 18 formed by the cooling channel openings 11. The
thickness of each of the plates 10 is defined by the ar-
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rows 19 and is on the order from about 0.005 to 0.125
inches.

FIG. 3 is another pictorial plan view of a portion of a
thin metal ring and parts corresponding to those of
FIG. 1 are identified by like numerals. The heat-transfer
fins 12 shown in FIG. 3 are of inverse parabolic config-
uration. Thus, passageways 11 have generally parabol-
ic-shaped sides 20 which serve as the hot walls of the
cooling passage openings 11. Each of the cooling pas-
sageway openings 11 also has a cold wall 21 which is
the inner surface of the outer wall. As in FIG. 1, the
shaded area 13 is considered to be the cross-sectional
area of each of fins 12 for analytic purposes.

The circumferential width of the passageway open-
ings 11 is again defined by the arrows 17. The circum-
ferential width of the passageway openings 11 at the
cold wall may be on the order of 0.040 inches or less and
may decrease to substantially zero at the outer surface
of the inner wall, as shown.

FIG. 4 is a pictorial plan view of a portion of a thin
metal ring having openings therein whereby a stack of
such plates provides both cooling channels and coolant
feed channels for the coolant in 2 heat exchanger, espe-
cially in a rocket combustion chamber wall. Parts corre-
sponding to those of FIGS. 1 and 2 are identified by like
numerals. The fins 12 of FIG. 4, like those of FIG. 3, are
of inverse parabolic configuration. However, the cold
wall 21, as shown, extends radially inwardly from the
outer wall to provide a pair of generally parabolic
shaped surfaces.

The distance between the outer surface of the inner
wall and the tip of the cold wall 21, as defined by the
arrows 22, is preferably much greater than that between
the outer end of each hot wall 20 and the outer end of
the cold wall 21, as defined by arrows 23. However, it
will be understood that these dimensions may be altered
and the shape of each of the fins 12 and the cooling
passage openings 11 may be altered as desired. The
configurations of fins and cooling passages shown in
FIG. 4 are those which should provide maximum heat
transfer but which may not meet certain other require-
ments as to positioning, size or structural limitations of
a rocket combustion chamber wall.

To the end that coolant fluid may be directed to the
cooling passage (18) formed by a stack of plates 10, as
shown in FIG. 2, without requiring external conduits
from coolant supplies to points on the outside of a
rocket chamber, coolant feed channel openings 24 may
be formed as the ring 10. As shown, these feed channels
are positioned or nested within the generally U-shaped
cooling channels 11. This arrangement permits a reduc-
tion in the distance between the inner surface of the
inner wall and the outer surface of the outer wall. How-
ever, it will be understood that the coolant feed channel
24 may be moved radially outwardly toward the outer
periphery of ring 10.

Also shown in FIG. 4 is an aperture 25, also nested or
showing within one of the passageways 11. When a
group of plates 10 are stacked, the apertures 25 provide
a bolt passage so that a stack of assembled plates may be
held together under tension by suitable bolts. Manifolds
for the coolant can be provided at each end of the stack
by arrangements and methods well known in the art. As
with the feed passages 24, the apertures 25 may be posi-
tioned closer to the outer periphery of ring 10.

When a number of apertures 25 are positioned, as
shown in FIG. 4, it will be understood that the size of
the coolant feed channel openings 24 must be appropri-
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ately increased in size, i.e., cross-sectional area, so that
the coolant feed channels formed by the openings 24
when a group of plates 10 are stacked will have approxi-
mately the same total cross-sectional area as that of the
cooling channels formed by the cooling channel open-
ings 11.

As shown in FIG. 4, the coolant feed channel open-
ings 24 have generally parabolic shaped sides 26 and an
upper edge 27 which follows the curvature of the ring
10. Thus, the coolant feed channel openings are of the
same general shape as the walls defining them. The
coolant feed channel openings 24 may be of other
shapes as desired but the configuration shown in FIG. 4
is well suited for the cross-sectional shape of a coolant
feed channel opening.

Referring to FIG. 5 there is shown in longitudinal
section taken along the line 5—5 of FIG. 4 a stack of
plates 10 forming the wall of a rocket combustion cham-
ber and having a manifold 28 at the downstream or open
end of the rocket chamber. A coolant feed channel 29 is
formed by the coolant feed channel openings 24 in the
plates 10 and receives coolant through a conduit 30
from a coolant supply 31. The coolant flows through
the feed channel 29 to the manifold 28 where it is redi-
rected through the cooling channel 18 to a manifold 32.
If the coolant fluid being obtained from the coolant
supply 31 is a fuel which, in most rocket engines, is used
for cooling purposes as well as for combustion, the fluid
is directed through an injector opening 33 into the
rocket chamber 34. As is well known to those in the art,
if the coolant is fuel, oxidizer will be supplied through
other injector elements into the combustion chamber
34. On the other hand, oxidizer may be supplied from
the coolant supply 31 and will react with fuel injected
through other injector elements into the combustion
chamber 34.

With regard to FIG. 5, if a rocket combustion cham-
ber is to use both liquid fuel and oxidizer, and these are
to be used for cooling, one can be directed through the
cooling channel 18 and the other through what is re-
ferred to as the coolant feed channel 29. With this ar-
rangement manifold 28 would be eliminated and the
channels 18 and 29 would be connected to the appropri-
ate supply of liquid fuel and liquid oxidizer.

Another alternative is to use the configuration shown
in FIG. 5 for either the liquid fuel or the oxidizer, while
the remaining one is directed through channels havmg a
similar cross section.

Referring now to FIG. 6, there is shown a plurality of
rings 10 which may be stacked to form a heat exchanger
such as a rocket chamber. For purposes of clarity, only
one cooling channel opening 11 is shown in each of the
rings 10. As illustrated by the dashed line 35, each of the
rings 10 of a stacked assembly of rings may be succes-
sively rotated slightly about an axis perpendicular to the
plane of the ring so that in a complete stack of plates the
cooling passage formed by the cooling channel open-
ings 11 will be of a spiral configuration. Accordingly, it
will be seen that with a plurality of openings 11 there
will be formed a plurality of spiral configurated chan-
nels 18. With; this arrangement, the residence time, that
is the time for the cooling fluid to go from one end of a
cooling passage 18 to the other end, is advantageously
increased.

As explained previously, the configurations of the
cooling channel openings and the cooling feed channel
openings may be of many different configurations. Fur-
thermore, the cooling channel feed openings 24 and the




4,107,919

5

apertures 25, as identified in FIG. 4, may be moved
from those positions shown. For example, apertures 25
may be moved toward the periphery of ring 10 so that
a cooling feed channel opening may be placed in the
former position of aperture 25. Furthermore, and espe-
cially for the configuration in FIG. 6, tension bolts may
be replaced by individual bonding between each succes-
sive plate.

It will be understood that changes and modifications
may be made to the foregoing described invention by
those skilled in the art without departing from the spirit
and scope of the invention, as set forth in the claims
appended hereto.

What is claimed is:

1. A heat exchanger comprising:

a plurality of rings of high heat conductivity material
stacked and maintained under compression, each
ring having an inner wall, an outer wall and heat-
transfer fins extending radially between the inner
and outer walls, said walls and fins being estab-
lished by a plurality of cooling channel openings
which are less than 0.04 inches in circumferential
width;

a coolant supply; and

means for connecting first ends of a plurality of cool-
ing channels formed by said cooling channel open-
ings to said coolant supply, said fins being substan-
tially wider at said inner wall than at said outer
wall, each ring being rotated slightly with respect
to the preceding one to establish a plurality of
spiral cooling channels.

2. The heat exchanger of claim 1 wherein said fins are
spaced to be directly next to one another at the inner
wall of the heat exchanger.

3. The heat exchanger of claim 1 wherein said fins are
of generally inverse parabolic shape.

4. The heat exchanger of claim 3 wherein said fins are
spaced directly next to one another at the inner wall of
the heat exchanger.

5. The heat exchanger of claim 1 wherein each of said
rings includes a plurality of apertures with respective
bolts extending therethrough to compress said stacked
rings.

6. The heat exchanger of claim 1 wherein each of said
rings including a plurality of coolant feed openings to
establish a plurality of coolant feed channels in said
stacked rings,

said means for connecting said first ends of said cool-
ing channels to said coolant supply including said
coolant feed passages and a manifold communicat-
ing with said coolant feed channels and said cool-
ing channels.

7. The heat exchanger of claim 6 wherein said fins are
substantially wider at said inner wall than at said outer
wall, said outer wall having an inner surface which
extends radially inwardly into each cooling passage
opening, said coolant feed openings being positioned
between said radially inwardly extending inner surface
and the original location of the inner surface of the
outer wall.

8. The heat exchanger of claim 7 wherein the coolant
feed openings are of the same general configuration as
the walls defining them.

9. The heat exchanger of claim 7 wherein said fins are
of generally inverse parabolic shape and said radially
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inwardly extending inner surfaces are of generally para-
bolic shape.

10. The heat exchanger of claim 9 wherein the cool-
ant feed openings are of the same general shape as the
walls defining them.

11. A rocket combustion chamber having a closed
injector end and an open exhaust end with injector
element openings in said closed end and comprising of:

a plurality of thin metal rings stacked and maintained
under tension, each ring comprising an inner wall,
an outer wall, and fins extending radially between
the inner and outer walls, said walls and fins being
established by a plurality of cooling channel open-
ings which are no greater than 0.040 inches in cir-
cumferential width; each ring being rotated
slightly with respect to the preceding one to estab-
lish a plurality of spiral cooling channels;

a first manifold at said open end of the chamber in
communication with said plurality of cooling chan-
nel openings;

a second manifold at said closed end of the chamber
in communication with said plurality of cooling
channel openings;

a coolant supply; means for connecting said first man-
ifold to said coolant supply; and means for connect-
ing said second manifold to said injector openings.

12. The rocket chamber of claim 11 wherein said fins
are substantially wider at said inner wall than at said
outer wall.

13. The rocket chamber of claim 12 wherein said fins
are spaced directly next to one another at the inner wall
of the rocket chamber.

14. The rocket chamber of claim 12 wherein said fins
are of generally inverse parabolic shape.

15. The rocket chamber of claim 12 wherein said fins
are spaced directly next to one another at the inner wall
of the rocket chamber.

16. The rocket chamber of claim 11, each of said rings
having a plurality of apertures with bolts extending
therethrough to compress said stacked rings.

17. The rocket chamber of claim 11 wherein said
means for connecting said first manifold to a coolant
supply is comprised of a plurality of coolant feed open-
ings formed in each of said metal rings to establish a
plurality of coolant feed channels in said stacked rings
and a third manifold at said closed end of the rocket
chamber, said coolant feed passages communicating
with said first and third manifolds; said third manifold
being connected to said coolant supply.

18. The rocket chamber of claim 17 wherein said fins
are substantially wider at said inner wall than at said
outer wall, said outer wall having an inner surface
which extends radially inwardly into each cooling pas-
sage opening, said coolant feed openings being posi-
tioned between said radially inwardly extending inner

- surface and the original location of the inner surface of

60

65

said outer wall. .

19. The rocket chamber of claim 18 wherein the cool-
ing feed openings are of the same general configuration
as the walls defining them.

20. The rocket chamber of claim 18 wherein said fins
are of generally inverse parabolic shape and said radi-
ally inwardly extending inner surfaces are of generally
parabolic shape.

21. The rocket chamber of claim 20 wherein the cool-
ant feed openings are of the same general shape as the

walls defining them.
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