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[57] ABSTRACT

Heat exchangers having spirally wound tubes for ac-
commodating in their interior an inner heat-exchang-
ing fluid while being engaged at their exterior by an
outer heat-exchanging fluid. The spirally wound tubes
are arranged one next to the other surrounding a given
axis with the convolutions of one tube axially aligned
with the convolutions of the next tube. The tubes form
a group having an inner region directed toward the
latter axis and an outer region directed away from the
latter axis. At one of these regions there is a support-
ing structure while a spacer structure is fixed to the
supporting structure and extends between the con- -
volutions of the tubes to form with the latter a unitary
assembly of tubes acting as a unitary structure in
which the convolutions are maintained at given loca-
tions with respect to each other. The spacer structure
serves to transmit to the supporting structure the
weight of the tubes and the spacer structure as well as
any thermal or mechanical stresses or reaction forces
resulting from flow of the fluids during operation of
the heat exchanger.

12 Claims, 8 Drawing Figureé
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TUBULAR HEAT EXCHANGER SUPPORTING AND
SPACER STRUCTURE

BACKGROUND OF THE INVENTION

The present invention relates to heat exchangers.
In particular, the present invention relates to heat
exchangers composed of spirally wound tubes with
" spacers situated therebetween to provide between the
tubes flow paths for an outer heat exchanging fluid
which engages the exterior of the tubes the interior of
which accommodates an inner heat-exchanging fluid.
Although structures of this general type are known,
the conventional structures suffer from several draw-
backs. Thus, the tubes of conventional structures are
subjected to extremely great stresses resulting very
often in failures which require shutting down. of the
operation of the heat exchanger. Thus, expansion and
contraction of ‘the tubes due to the influence of the
temperature and thermal changes will often result in
failures. In addition, during operations, as a result of
the weight of the structure itself as well as reaction
forces from the flow of the fluids vibrations are induced
which also result in failures with the conventional con-
structions. Furthermore, with convéntional heat
exchangers it is difficult to work witha heat exchanging
fluid which is at extremely high pressure while at the
same time providing pressure vessels which are rela-
tively small in size and inexpensive. It is not possible
with conventional constructions to achieve a large
heat-exchanging area in a relatively small volume.

SUMMARY OF THE INVENTION

It is accordingly a primary object of the present in-
vention to provide a heat exhanger which will avoid the
above drawbacks.

In particular, it is an object of the present invention
to provide a tubular heat exchanger where all of the
stresses encountered by the tubes are reliably and ef-
fectively transmitted to a rugged supporting structure
so that the tubes themselves are not subject to failure
from stresses encountered during operation.

Furthermore, it is an object of the present invention
to provide a construction of this type which results in
any assembly of tubes which can respond elastically to
thermal stresses and which also can respond to any
vibratory forces in a manner transmitting the stresses
effectively. to a rugged supporting structure without
subjecting the tubes to failure.

In addition, it is an object of the present invention to
provide an exceedingly compact assembly of tubes
capable of handling fluids at high pressure while at the
same time providing an extremely large heat-exchang-
ing area for each unit of volume at the interior of the
- heat exchanger so that within a relatively small vessel it

is possible to accommodate high-pressure fluids with an
effective heat-exchange assured.

In accordance with the invention, the heat exchanger
includes a plurality of spirally wound tubes for accom-
modating in their interior an inner heat-exchanging
fluid while an outer heat-exchanging fluid is adapted to
engage the exterior of tubes. The spirally wound tubes
are arranged one next to the other with the convolu-
tions of one tube axially aligned with the convolutions
of the next tube, and the several tubes form at least one
_group of tubes having an inner region surrounding a
given axis, and directed toward this axis, while the
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group of tubes has an outer region directed away from
this axis. A support means is situated adjacent at least
one of these regions of the tubes, and a spacer means
extends between the convolutions of the tubes for
maintaining the convolutions at a given spacing with
respect to each other. This spacer means forms a unita-
ry structural assembly with the tubes and is operatively
connected with the support means to transmit to the
latter forces resulting from the weight of the tubes and
the spacer means as well as any mechanical or thermal
stresses or forces resulting from reactions to the flow of
the fluids, so that in this way substantially all stresses
encountered during operation are transmitted to the
support means.

BRIEF DESCRIPTION OF DRAWINGS

The invention is illustrated by way of example in the
accompanying drawings which form part of this appli-
cation and in which:

FIG. 1 is a schematic representation of a heat
exchanger provided with the structure of the invention;

FIG. 2 is a schematic plan view of the heat exchanger
taken along line I-—1 of FIG. 1 in the direction of the ar-
rOws; ‘ ‘

FIG. 3 is a fragmentary axial sectional elevation
showing the details of one embodiment of a structure of
the invention;

FIG. 4 shows the structure of FIG. 3 as viewed in the
direction of arrow Il of FIG. 3, illustrating the manner
in which-a spacer means and support means are inter-
connected;

FIG. 5 is a fragmentary sectional illustration taken
along line Il of FIG. 3 in the direction of the arrow and
showing further details of the embodiment of FIG. 3;

FIG. 6 us a fragmentary axial section illustrating
another embodiment of the structure of the invention;

FIG. 7 is a fragmentary axial section illustrating a
further embodiment of a heat exchanger of the inven-
tion; and

FIG. 8 is a fragmentary axial section illustrating a still
further embodiment of a heat exchanger according to
the invention. ‘

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to FIG. 1, there  is schematically
represented therein, in an axial section which contains
the central axis of the illustrated heat exchanger, a plu-
rality of groups 1 of heat-exchanging tubes where each
group -has the tapered configuration illustrated. Groups
of tubes. are situated one above the other surrounding
the central axis of the heat exchanger with these groups
of tubes having an inner region directed toward the
central axis and an outer region directed away from the
central axis. The exterior heat-exchanging fluid flows
through the heat exchanger in the manner indicated by
the arrows in FIG. 1 so that the outer heat exchanging
fluid has at the groups of tubes 1 the main direction in-
dicated by the arrows which extend upwardly toward
the right and left of FIG. 1 in a direction parallel to the
baffles 9 which separate the several groups 1 from each
other. These baffles are simply in the form of tapered
annular walls each forming part of a cone whose center
is in the central axis of the heat exchanger. Along the
central axis of the heat exchanger there is a conical baf-
fle 2 which has its apex directed downwardly and situ-
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ated substantially at the receiving end of the heat
exchanger where the exterior heat-exchanging fluid is
received. This conical baffle 2 will direct the outer fluid
between the baffles 9 and along the exteriors of the
tubes which form the several groups 1.

A support means is provided for supporting the tubes
which form the groups 1, and this support means in-
cludes outer elongated bodies 5 extending parallel to
the axis of the heat exchanger and situated at the outer
region of the groups 1. The support means also includes
inner elongated bodies 4 which extend parallel to the
axis of the heat exchanger and which are situated at the
inner region of the groups of tubes 1. As is apparent
from FIG. 2, these inner bodies 4 and outer bodies 5
are in the form of elongated bars extending parallel to
the axis of the heat exchanger and fixed in any suitable
way to the outer wall of the heat exchanger, such as to
the bottom tapered wall thereof illustrated in FIG. 1.
The several tapered baffles 9 are also fixed to and ex-
tend between the bars 4 and 5 which form the elon-
gated bodies of the support means. Thus, the annular
baffles 9 may be welded at their outer edges to the
inner surfaces of the axial bars § of the support means
and at their inner edges to the outer surfaces of the
axial inner bars 4 of the support means. As is apparent
from FIG. 2, the several bars 5 as well as the several
bars 4 are circumferentially distributed about the cen-
tral axis of the heat exchanger with these bars being ar-
ranged in radially aligned pairs. Thus, in the illustrated
example there are four elongated bars 5 extending
parallel to the heat exchanger axis and distributed
thereabout through equal angles, these four bars §
being respectively radially aligned with the four inner
bars 4. The welding of these bars 4 and 5 to the tapered
baffles 9 forms a supporting framework for the several
groups of tubes.

Referring now to FIG 3, a pair of radially aligned
bars 4 and 5 of the support means are illustrated
therein in an axial section with the lower baffle 9 which
is welded to these bars also being illustrated. FIG. 3 il-
lustrates five spirally wound tubes of a group, these
tubes 10, 20, 30, 40 and 50 being arranged with the
convolutions of one tube axially aligned with the con-
volutions of the next tube. Thus, in the illustrated
scheme the lowermost tube 10 has convolutions 11, 12,
13, 14 from the outer to the inner region of the spirally
wound tube, the next tube 20 has the convolutions
21-24 respectively axially aligned with the convolu-
tions 11-14, and so on. This scheme of designating the
several spirally wound tubes and their convolutions is
followed also in FIGS. 6-8,

In the embodiment of FIGS. 3-5 there is a spacer
means 3 in the form of metal wires which are curved so
as to have a wave-shaped configuration. These wires
are welded at their ends to the radially aligned bars 4
and § of the support means. The several wires 3 which
form the spacer means extend over and under the con-
volutions of the tubes in the manner illustrated in FIG.
3 so as to interconnect the tubes with each other while
maintaining them at a given spacing with respect to
each other. Following any one of the wires 3 of FIG. 3
from the bar 5 toward the bar 4 it will be seen that each
wire 3 extends first over and under adjoining convolu-
tions of one tube, then over and under adjoining con-
volutions of the next tube and so on, so that each of the
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wires 3 serves not only to maintain a given spacing
between adjoining convolutions of the same tube but
also to maintain the spacing between adjoining con-
volutions of adjoining tubes. In the illustrated example
where wires are used to form the spacer means of the
invention, it is of advantage to arrange a plurality of
wires beside each other somewhat along the lines illus-
trated in FIG. 4. As is apparent from FIG. 4 the wires at
one elevation are situated in alignment with the spaces
between the wires at the next elevation , with this
lateral spacing between the wires being substantially
equal to the diameters of the wires. As a result the wires
which extend over a convolution of one tube into en-
gagement with the next axially aligned convolution of
the next tube will become situated between the wires
which extend over this latter tube. Thus, as may be seen
from FIG. 5 which is taken in a plane normal to the
main direction of flow of the outer fluid, the several
wires 3 will become situated one next to the other
between the tubes, thus forming wire bands which pro-
vide the spacers determining the spacing between the
several tubes. Of course in FIG. 5 there are more wires
than appears from FIG. 4 which has been simplified for
the sake of clarity. Thus, the inner and outer bars 4 and
5 form the elongated bodies of the support means
which together with the tapered baffles 9 of the support
means form the supporting structure for the bundles of
tubes. The several wires 3 extend through suitable
bores in the bars 4 and 5§ and are welded to the exterior
surfaces thereof which are directed away from the
tubes, as is apparent from FIGS. 3 and 4.

In connection with FIG. 5, it is to be understood that
the section line extends from the center of the tube 54
parallel to the bar 4 so that FIG. § shows the next tube
at its inner convolution 64 which is axially aligned with
the convolution 54 of the tube 50 and which directly
engages the next higher baffle 9 as illustrated in FIG. 5.
Thus, the group of six tubes in the illustrated example is
situated between the baffles 9 which are fragmentarily
illustrated in FIG. §.

In the embodiment of FIG. 6 there are shown five
tubes 10, 20, 30, 40, 50 of a group with these tubes
fragmentarily illustrated sectionally in an axial plane. In
this embodiment the spacer means takes the form of
annular bodies 6 in the forms of rings or sleeves which
surround and engage the tubes and which are welded to
each other at those locations where they engage each
other so that in this way also the spacer means of this
embodiment will form a network of the tubes providing
the equivalent of a unitary structure.

In the embodiment of FIG. 7, the spacer means 7
takes the form of angled strips of sheet metal, which
while being substantially wave-shaped and following
substantially the paths occupied by the wires 3 of FIG.
3, are in fact relatively sharply angled narrow strips of
sheet metal which are welded to each other where they
engage each other so as to form a honeycomb type of
spacer means as illustrated in FIG. 7. Of course in the
case of FIG. 7 as well as FIG. 6 the parts of the spacer
means which engage the bars 4 and § of the support
means are welded thereto. Thus, those rings 6 which
engage the bars 4 and 5 are directly welded thereto. In
FIG. 7 the ends of the strips 7 are welded to the bars 4
and §.
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In the embodiment of FIG. 8 the spacer means also
takes the form of elongated relatively narrow strips of
sheet metal, but these strips are curved so as to form to
the configurations of the wires 3 while at the same time
having a width corresponding to the spacers 7 of FIG.
7. The curvature of the wave-shaped spacer strips 8 is
such that in this embodiment each strip extends around
the axis of a convolution through approximately 120°,
and of course the same is true of the wires of FIG. 3. In
this case also the several strips 8 are welded at their
ends to the bars 4 and 5 in the manner illustrated for
the bar 5 in FIG. 8.

In each of the embodiments of the invention the
tubes are spirally curved in such a way that they will
have with respect to each other the relationship shown,
for example, in FIG. 3, although this relationship is also
illustrated in FIGS. 6-8. Thus, in an axial plane which
contains the axis of the heat exchanger, the several
tubes will have at their convolutions cross sections the
centers of which are situated as illustrated in FIG. 3.
This arrangement is such that the centers of any group
of three adjoining convolutions of a pair of tubes will
form either an isosocles triangle or an equilateral trian-
gle. For example, the center of convolution 22 of FIG.
3 forms with the centers of convolutions 32 and 43 of
the next pair of successive tubes, in' an upward
direction as viewed in FIG. 3, and equilateral triangle in
the axial plane of FIG. 3. Any similar group of three
convolutions of three successive tubes will have the
same relationship. On the other hand, the center of the
conyolution 32 forms with the centers 21 and 22 of the
next adjoining tube an isosocles triangle. In the same
way the center of convolution 11 forms with the cen-
ters of convolutions 21 and 22 also an isosocles trian-
gle. Thus, the centers of three adjoining convolutions
of three successive tubes will form an equilateral trian-
gle in an axial plane while a pair of adjoining convolu-
tions of one tube with the intermediate convolution of
the next tube will form an isosocles triangle in an axial
plane. Furthermore, at each tube any one convolution
has a diameter only slightly greater than the outer
diameter of the next inner convolution, so that between
the convolutions of the several tubes there are formed
narrow, spiral paths through which the exterior heat-
exchanging fluid is adapted to flow, achieving in this
way an extremely favorable heat exchange. In the em-
bodiment of FIGS. 3 and 8, the distribution of the tubes
in an axial direction is such that.in this axial direction
the spacing between the tubes is equal to the diameters
of a pair of successive axially aligned convolutions plus
a single thickness of a spacer component. In a direction
which.is normal to the main direction of flow of the ex-
terior fluid, which is to say in a plane containing the
axes of convolutions 12, 33, and 54 in FIG. 3, the dis-
tribution of the tubes also is equal to the diameters of a
pair of successive convolutions plus a single thickness
of the spacer component, while in the embodiment of
FIG. 8 the distribution in this direction is equal to that
of a pair of successive convolutions plus twice the
thickness of the spacer members. As was pointed out
above the spacer members of FIGS. 3 and 8 extend
through 120° around the exterior of each convolution.

In all embodiments the spacers bring about a uniform
distribution of the tube convolutions under all operat-
ing conditions and they also serve to transmit the load
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to the support means formed by the bars 4 and 5. It is
preferred to weld the spacers to each other where they
engage each other, as pointed out above.

The above-described structure of the invention pro-
vides a number of advantages, among which are the fol-
lowing:

Each group of tubes is thermally elastic. Only very
small additional stresses are encountered in the tubes
as a result of the influence of temperature and thermal
changes. :

The spacer means of the invertion acts as a faultless
vibration node with a known damping action which
remains constant - during operation of the heat
exchanger, since the weight of the tubes themselves
and any other forces acting thereon, such as, for exam-
ple, the forces of the flowing fluids, will bring about a
predetermined and constant pressing force.

The convolutions of the tubes are narrowly wound.

An extremely large heating surface is provided for each

unit of volume. Thus, an extremely large heat-exchange
area is provided for each unit of volume. This ad-
vantage is of particular importance when the heat-
exchanging fluid is a fluid medium which is at high
pressure, since the pressure vessel in this case can be
maintained small and therefore can have a low cost.
Also, with this construction it is possible to achieve a
high heat transfer or heat-exchanging coefficient. With
the embodiment of FIG. 3 as well as that of FIG. 8, the
exterior fluid is required to flow through narrow gaps
equal to the thickness of only a single spacer com-
ponent, thus providing an extremely compact assembly
with a high coefficient of heat transfer with these par-
ticular embodiments. :

In all of the embodiments the spacer means formed
by the spacer components forms with the tubes a single
unitary structural - assembly acting as one unit in
response to the stresses which are encountered, with
substantially all of the load and stresses being trans-
mitted to the rugged support means formed by the bars
4 and §. In effect the spacers of the invention serve to
hang or suspend the tubes of the convolutions from the
bars 4 and 5. Thus, while the lowermost tube of any
group may be considered as supported by the lower
baffle 9, as illustrated in FIG. 3 for the tube 10, the next
higher tube is supported by the lowermost spacer, and
it will be seen that the several tubes 20-50 of FIG. 3 are
in fact supported by the spacer means so.as to be
suspended thereby between bars 4 and §, and of course

the same is true for the embodiments of FIGS. 6-8.

Moreover, it will be seen that with all embodiments
of the invention the tubes are arranged so close to each
other that extremely narrow . gaps are defined
therebetween compelling the exterior fluid to flow at a
high speed so as to achieve an extremely efficient rate
of heat exchange, enabling the area of heat exchanging
surfaces to be reduced so as to achieve for a heat
exchanger of a given size an output greater than has
heretofore been possible. Referring to FIGS. 3 and 6-8,
it will be seen that the convolutions of the several tubes
are axially aligned one above the other and the axial
gap between any pair of axially aligned convolutions of
a pair of adjoining tubes is substantially less than the
radius of any tube. In addition, it will be seen that the
gap between any tube convolution and the next adjoin-
ing outer or inner convolution is also substantially less
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than the radius of any tube. These extremely narrow
gaps between the convolutions are achieved with the
spacer means.of the invention, and it is these extremely
narrow gaps which enable all the convolutions to be
crowded together to such an extent that extremely nar-
row paths of flow are provided at the exterior surfaces
of the tubes to achieve the above results.

What is claimed is: ‘

1. In a heat exchanger, at least one group of spirally
wound tubes for accommodating in their interior an
inner heat-exchanging fluid while an outer heat-
exchanging fluid engages the exterior of said tubes, said
tubes surrounding a predetermined axis and being ar-
ranged adjacent each other with the convolutions of
each tube substantially in axial alignment with the con-
volutions of the next tube, and said tubes having an
inner region directed toward said axis and an outer re-
gion directed away from said axis, support means situ-
ated adjacent one of the latter regions of said tubes,
and spacer means engaging said tubes and connected to
said support means for interconnecting said tubes and
forming therefrom a unitary assembly where said tubes
remain in a predetermined relation with respect to each
other determined by said spacer means and for trans-
mitting to said support means forces resulting from. the
weight of said tubes and spacer means as well as any
other forces which result from mechanical or thermal
stresses or reaction forces resulting from the flow of the
heat-exchanging fluids, said spacer means coacting
with said tubes for providing narrow gaps therebetween
with the axial gap between any pair of adjoining axially
aligned .convolutions of a pair of tubes being substan-
tially less than the radius of any tube while the gap
between any tube convolution and the next inner and
outer convolution also is substantially less than the
radius of any tube, said spirally wound tubes having
convolutions axially displaced and extending along a
spiral forming part of a cone whose apex is at said axis,
a pair of tapered baffles also forming parts of cones and
coaxially surrounding said axis with said tubes being
situated between and engaging said baffles so that the
latter directs the outer fluid across the exterior of said
tubes, additional groups of spirally wound tubes being
arranged next to and engaging said baffles at sides
thereof which are respectively directed away from said
one group, and said baffles being made of sheet materi-
al and having a total thickness equal to the thickness of
said sheet material so that successive groups of tubes
are separated from each other only by a distance equal
to the thickness of said sheet material, said support
means including elongated supporting bodies spaced
from and extending parallel to said axis at the inner and
outer regions of said tubes with said bodies being
spaced from each other and distributed about said axis
at each of said regions and the bodies of said support
means at said outer region being radially aligned with
the bodies of said support means at said inner region so
that said support means includes a plurality of pairs of
radially aligned bodies, and said spacer means includ-
ing elongated thin spacer components which are at
least partially of wave-shaped configuration such com-
ponents being fixed. to the pairs of radially aligned
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bodies of said support means and extending
therebetween over and under the convolutions of said

tubes, and said baffles having outer edges fixed to said
bodies of said support means which are at said outer re-

gion and inner edges which are fixed to said bodies of
said support means which are at said inner region, and
said groups of tubes being carried exclusively by said
spacer means and baffles between said bodies of said
support means which are respectively situated at said
outer and inner regions.

2. The combination of claim 1 and wherein said
spacer means includes elongated strips of angularly
bent sheet metal welded together and forming a
honeycomb spacer structure, said strips being free of
any projections and directly engaging said tubes.

3. The combination of claim 1 and wherein said
spacer means includes spacer wires groups of which are:
situated next to each other to form spacer bands.

4. The combination of claim 1 and wherein in an
axial plane which contains said axis said tubes have
cross sections arranged with the centers of the cross,
sections of any one tube each forming with a pair of
centers of the cross sections of a pair of adjoining con-
volutions of the next adjoining tubes the corners of an
equilateral triangle situated in said axial plane.

5. The combination of claim 4 and wherein each of
said tubes has convolutions each of which is only
slightly greater than the next inner convolution of each
tube so that between he convolutions of the tubes there
are formed narrow spiral paths for the outer fluid which
engages the exterior of the tubes.

6. The combination of claim 1 and wherein said
spacer means includes elongated strips of sheet metal
of wave-shaped configuration. »

7. The combination of claim 6 and wherein in a
direction parallel to said axis the distribution of the
convolutions of said tubes is equal to the diameters of
tube convolutions which are axially aligned plus a sin-
gle thickness of said strips between each pair of adjoin-
ing axially aligned convolutions of a pair of tubes, said
outer fluid flowing in a given main direction across the
exteriors of said tubes and said convolutions being dis-
tributed in a direction normal to said main direction
with a spacing equalling the diameters of said tubes
plus twice the thickness of said strips between each pair
of adjoining convolutions of said tubes in said direction
normal to said main direction.

8. The combination of claim 1 and wherein said
spacer means includes annular bodies surrounding and
engaging said tubes and fixed to each other.

9. The combination of claim 8 and wherein said
bodies are welded to each other.

10. The combination of claim 1 and wherein said
spacer components extend over and under the adjoin-
ing convolutions of one tube, then over and under the
convolutions of the next-adjoining tube, and so on.

11. The combination of claim 10 and wherein said
spacer components have ends welded to said radially
aligned bodies of said support means.

12. The combination of claim 11 and wherein said
bodies of said support means are in the form of elon-
gated bars.



