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HEAT EXCHANGE DEVICE

Carl P. Andersen, Kenmore, N.Y., Jobn C. Richardson,
Speedway, Ind., and Vincent E. First, Tonawandza,
N.Y.,, assignors to Union Carbide Corporation, a cor-

- poration of New York

Filed Nov. 7, 1957, Ser. No. 695,154
8 Claims, - (Cl, 257—248)

This invention relates to heat exchange devices, and
‘more particularly to a shell-coil type heat exchanger in
which the coils are wound in substantially uniformly
spaced concentric layers within the shell.

One disadvantage of the heretofore known shell-coil
type heat exchangers is the difficulty and expense of as-
sembly; that is, economically forming a large number of
closely spaced concentric coils into a compact, well inte-
grated bundle which can be handled and placed in a shell
without danger of damiage or failing apart. The prob-
lem is magnified if the heat exchangers are embedded-
coil regenerators for cooling compressed air prior to sep-
aration into air components by low-temperature rectifica-
tion.. The coils are embedded in the regenerator pack-
ing to provide a means of recovering the refrigeration of
an air component as a product gas without contaminat-
ing such product with air impurities such as moisture
and carbon dioxide. The complexity of the coil assem-
bly problem is illustrated by embedded coil regenerators
designed for an air separation plant in which high-purity
oxygen product gas is passed through such coils. Such
construction may require several miles of tubing wound
in perhaps 25 concentric layers. Conceivably the num-
ber of separate passages for oxygen flow may exceed 100
tubes, all manifolded together at both ends. s

Additional requirements for embedded -coil regenera-
tors include low pressure drop through the coils to -min-
imize power costs, and low longitudinal heat leak- be-
tween the ends of the coils.  The latter is necessary be-
cause the regenerators must be operated with a large
‘temperature- difference between .the- warm -end and: the
cold-end, and longitudinal heat leak represents a loss of
refrigeration and results in added power costs.- - Conse-
quently, the number and size of the longitudinal support
members for the concentric coil bundle should be min-
imized.-.-Still . another requirement of regenmerator coil
bundles is that the individual coils be uniformly spaced
from each other so that the fluid passing through the
coils is substantially equally warmed by heat transfer
from the. regenerator -packing- through the coil walls.
The. coils should also be closely positioned to each other
S0 -as to minimize radial temperature gradients in the
packing., " - . . -
~» A further unique characteristic of embedded coil re-
.generators is_that all of thé coils.should preferably con-
tain about the same length of tubing so as to.equalize the
pressure drop and to obtain uniform flow distribution
through the coils. Since the diameters of the coil layers
‘vary from the center to the outside of the bundle, it is
«clear that the pitch of the windings must also vary, and
means must be provided for controlling the tube length
“and coil pitch during winding as well as maintaining the
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desired pitch of the various coil layers -after they -are v

‘formed. In'the case of largé bundles, where the diameter
-of the inner and outer layers-varies considerably, the
“difference in curvature of the layers may also have a pro-
* .nibunced effect on pressure diop. This may necessitate

70

‘g slight'variation in tube length between the inmer and -

2

outer coils so as to equalize flow. In such instances,
means must be provided which conveniently permit the
selection and installation of the optimum length of tubing
in each coil. ‘ :

One object of the present invention is to provide a high-
ly efficient embedded coil regenerator which ‘is relatively
easy and economical to assemble.

Another object of the present invention is to provide
an economical method of assembling a bundle of coils in
substantially uniformly spaced concentric layers. )

A further object is to provide a support system for a
bundle of ‘coils in concentric layers whereby the support
members regulate the coil pitch during the winding opera-
tion, and also maintain the desired pitch’ of the various
coil layers after they formed. , T

A still further object of the invention is to provide a
support system for a bundle of coils in concentric layers
in which the longitudinal heat leak is minimized. )

These and other objects and advantages of this inven-
tion will be apparent from the following description and
accompanying drawings, s : R

In one embodiment of the present invention, a shell-
coil type heat exchanger is provided with concentric layers
of coils positioned by coil support meéans comprising a
series of support members extending Ilongitudinally be-
tween the coil layers for maintaining the coil layers in
sujtably spaced relation. Slots are provided in each mem-
ber for receiving and supporting the individual windings
of a given layer. A projection between each pair of ad-
jacent slots extends beyond the given layer and provides
means for mounting a support member for the next larger
diameter coil layer Also, means such as rivets are pro-
vided for securing the next larger diameter coil support
member to the projections. The support members for
the next larger diameter coil layer may close the slots of
the support members of the given coil layer, thereby firmly
retaining the coils within the slots. ) . -

The individual coil support means are preferably angle-
shaped, with twoe such angles placed back-to-back as a
support member for a given coil layer. It is furthermore
desirable to form the base of the slots into saddles which
receive and distribute the bearing load of the individual
coil windings. : R

In the preferred embodiment; adjacent concentric coil
layers are’ helically wound in “opposite directions, “i.e.,
one layer is'wound clockwise and the next counterclock-
wise. Such an arrangement improves flow distribution
outside of the coils, and permits equalizing of the stresses
in the coil bundle by interlocking the adjacent coil layers.

- The ‘present invention ‘also .provides a method of as-
sembling a coil bundle in substantially uniformly spaced
concentric layers in which at least three support members
are first longitudinally secured to and along the length of
a central dummy core,-the members being situsdted at sub-
stantially uniform intervals around the circumference of .
the core.. One part of the support members extends ra-
dially from the dummy core surface and'is slotted at in-
tervals’ along its length to retain the coils.”” The central
dummy core is then mounted between power driven fix-
tures at each end so that the core may be rotated: about
its'longitudinal axis. . The core is then longitudinally ro-
tated and. tubes are simultaneously wound thereon so as
to form a first coil layer whose windings fit into the slots
of ‘the support members. Next, additional-coil' support .
members are attached to the members secured to the
dummy core so that the additional members are positioned
adjacent to the outer side of the first coil layer and hold
the coil windings in the aforementioned slots.. Additional

tubes are then wound around the dummy core with their

coil windings fitting into the slots:of the additional coil
support members to form a larger diameter second coil

layer..” Additional still larger diameter coil layers may bs
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wound around the dummy
to assemble a coil bundle of the desired size. . Adjacent

core in the same manner so.as:. -

“coil layers are- preferably- helically wound in opposite 7

directions for-the previously mentioned-reasons: - -~ -
- Jn‘the accompanying drawings: =~ -~ - S
- Fig."1 is a plan view looking downwardly on-the top of
. “an angle-shaped coil support member of the present in-

vention; - Dot e e
- :Fig 2 isan
as illustrated in Fig. '1; .. - =

end view of the same coil support-member

- Fig. 3 is an enlarged isometric view of a clip which is

assembled “in pairs for interlocking the ‘coils of- adjacent
layers.together; - - - o ootoS T s T

" . -Fig: 4 is:a perspective view looking downwardly on
-an-assembly ‘of coil- supports similar to Figs: 1 and 2 ex-

" gept-that:the slot saddles are:formed in the opposite direc-
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tion. from.. the -base side "of ‘the <angle-shaped support

members; -and i
- Fig.-5 is-a perspective view of -one side -of a bundle of

“concentrically -wound coils embodying one form of the -

present_invention, - - .. .
...:Referring ‘more: specifically to Figs. 1 and 2, the coil

_ , 4

‘¢onstruction, two back-to-back ‘projections 15z-are pro-
vided, and the two vertical legs 12b of the support mem-
ber 105 are rigidly attached to projections 15a on either
side of such projections by means of rivets 18 extending
through holes in the vertical-legs 12b and the projections
152. Holes 164 and projections 15a are preferably situ-
ated so that the. projections: do not. protrude substantially
into the hole area and thereby reduce the effectiveness of
such holes. - Although riveting has- been described. as the
means.of connecting adjacent.coil. support members, other
methods such as spot welding could be substituted.

In Fig. 4 the saddles 145 are formed inwardly and‘in the
opposite direction from the base leg 11b,-whereas Fig. 2
the saddles are formed outwardly and-in the same direc-
tion ‘as the base leg.  Although both embodiments. per-
form the desired function of distributing the bearing load
on the coils; the Fig. 2 form is preferred. ~This is because .
the Fig. 4 saddles :must-be relatively narrow; otherwise,

» “the angles ‘when placed back-to-back: will be -spaced too
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- support ‘member 10 is. preferably ‘angle shaped, and may -

be, for example, a simple, low-cost stamping made from
- .an aluminum sheet. : e e

- . The support membér 10 includes base leg 11 and ver-
tical leg 12 containing slots 13 at uniform longitudinal

25

.. intervals ‘to receive and support the individual coil wind- = -

ings of a given layer.  ‘The:slots 13 are preferably.con-
iogrgd;:at:the_;bottom to correspond to. the shape of the
~.coil-windings, and: a’ portion:of the metal from:the base.
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of ‘the-slots-13 is formed ‘outwardly into a-saddle- 14"

- avoids excessive ‘abrasion or scoring-on the contact str-

- face. Projections 15 between each pair of adjacent slots

“which distributes ‘the bearing load along the tube and "~
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- 13 are-sufficiently. Jong to protrude through the coil layer -

'~p§ing supported; and provide a means for mounting an
;dggtlc,al support member 10 for the next larger diameter
coil layer.~ Holes. 16_stamped in the wvertical leg 12 of.

-the support member 10 and between the saddles 14 serve -

- 10 minimize the longitudinal heat leak along the support -

L ,membfc’,r—; 10, - I:Ibles 16 also permit lateral flow 'of the heat
exchanging fluid outside of the coils,-and help to prevent ﬂ;

voids -in -the packing of the: embedded-coil regenerator
- “embodiment of the invention.” The:legs 11 and 12 of the
-~ support member 10 are preferably. bent. so thaf the ver-
 fical leg 12 will ‘extend approximately radially. when the

" base leg 11-is mounted to ‘the curved ‘surface of the - -

- .dummy. core or the:next smaller diameter coil -assembly ds
“described .in"‘more- detail below. &7 2L T

. :-The-support; angles-10- are” preferabiy ﬁéecf m piﬁfs at

45

“far apart and the riveted atfachment may not be secure.
When the saddles are formed in the same direction as the
‘base leg there is no limit imiposed on the saddle width and
the bearing load may be more efficiently distributed along
the coil lengths, . =~ o0 e ST

~ Adjacent coils 17a and 17b of the first and second coil
Jayers Tespectively, -are also:secured by a pair of clip
members 16a, shown in detail- in Fig.-3, which are con-
toured on either end ‘to fit around the coils. ~ The clip
-member asembly is held together by bolt and nut assembly
184, the former passing through clip holes 16¢c.. -The clips
-perform: two’ functions by equalizing. the torsional forces
between  the -adjacent coil layers and lending torsional

-rigidity to'the “entire tube bundle. Concerning:the last

mentioned function,’ it  was ‘found " that a ‘bundle con-
-structed -without clips ‘was" incapable-of transmitting the
winding torque from the dummy core 0 the périphery. of
the bundle.- After reaching a certain diameter, the  as-
sembly became so unstable that continued rotation, op-
posed by the tangential force of the tubes being wound
‘on the bundle, caused the bundle to collapse and fall apart

" Fig. 5 illustrates a tube bundle according to the pres-

© ent invention which utilizes the previously ‘described com--
‘ponents. A-built-up method of assembling the coil bundle

is ‘employed in which: the- coils are wound layer upof
layer using ‘the. ¢oil support members- as jigs during the

" 'winding ‘operation. The ‘assembly of a coil bundle is

_~‘begun’ by horizontally mounting a_central dummy core
19 between power driven fixtures 20.at each end so that: -

|~ 'the. dummy core may be rotated about its longitudinal

80
for-the coil assembly and may, for example; be a tube

_ each-support point for improved ‘Tigidity.- ‘_’iIn this case the .
-~ -angles are mounted with their vertical legs 12 placed back- - -

to-backe ~ oo e m e L T e
= Fig.”3 dllustrates -a: clip member-16z which'is .a.rec-
" tangular stamping with -grooves or contours 16b pressed
in either: end: to fit ‘around:-the coil surfaces of -adjacent
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‘axis.~ This dummy becomes a permanent core member

~slightly longer than the overall length of the coil bundle.
“The vertical legs’ of inner.support. members 10 extend

radially from the surface of the dummy:core 19 and are
slotted at close intervals to receive and support the coil

" ‘windings, as previously described. The dummy core is

. coil bundles. ‘A hole 16¢ is provided in the center of the ~-

_clip-16a for passage therethrough.of means for securing
~the:clip assembly. = -~ v T T
~--Fig, 4 illustrates..a coil ‘support -assembly using the
-~ -double “angle - back-to-back "construction. :This:assembly

- 80

“includes support member 10a for receiving the “individual -

“coil windings of & first coil layer and-support member 105

- receives the coil ‘windings ‘of ‘a.second larger diameter-
- goil: layer. " Tn the interest- of simplicity,-only a siall
. -_number-of :¢oils dare shown but it is-to be understood ‘that

7 4" actual practice;’ coils ‘may be héld in any: or all of the

“then rotated and the tube is: fed.onto the dummy core

assembly. . By rotation of ithe dummy, the tube'is formed -

.into’ a coil ‘whose windings. fall into the slots -provided

in the inner- coil ‘support :members. 10, ‘Wooden slats

“may be attached - longitudinally to-the dummy core 19

‘between the adjacent inner. support members 10 so that

“each coil: winding will be formed in a true-circle. ' These

- ‘wooden slats are temporary. and are removed after each -
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slots. “The-coils or tubes 174 of the first coil layer are .

- firmly ‘held ‘within the slots by the-base leg 11b" of the

- -~ ‘and provide -means for mounting support members 105
*of the-second coil lajer 17b; By use:

of thé double angle 76 *Addition

: by the-base leg 115" 70
~" “support member:10b which bears :against coils. 17a. The - :

“projections 115z ‘of the -support members 10q are ‘suffi- -

“ciently long to protrude beyond coils 17a of the first layer, - -

coil layer-is completed. - When -the. first layer is formed, -

four  additional - coil support ‘members 10 are -attached
_to-projections .extending ‘through -the: completed first coil
ayer: 174, and are. positioned directly over: the inmer: =

“support ‘members 10. -This ‘second set.of support mem-

“bers 10 hold the second coil layer 176 which is wound
‘in ‘a’manner- similar -to“the first layer 17a. The sec-
“ond support meinbers 10 bear against ‘the  first coil layer

“17a ‘and hold these windings ‘securely in the slots 13. ~
still Llérger-i‘diém«atér;cbﬂ' - léYéri ‘may be ‘wound
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B
around the dummy core 19 so as to assemble a coil
bundle of the desired size.

From the foregoing description, it is seen that the coil
support members are stacked one above the other along
four radii which extend outwardly from the center of
the bundle. When several layers have been wound in
this ‘manner, the diameter of the coil layers will have
increased so that four support points around their cir-
cumferences may not be adequate to position the in-
dividual coil windings securely and in parallel relation
with each other. When the assembly reaches this stage,
four additional coil support members may be attached
to the last completed coil layer and are preferably lo-
cated approximately mid-way between the original sup-
port points. When new support points are established,
the innermost support member of such new locations
will not have the benefit of a rigid dummy core for
anchorage as in the case of the first layer of the bundle.
The number of support points which must be provided
for the outermost coil layers of the completed coil
bundle assembly of course depends on the diameter of
such bundle. Clips 164 are preferably secured to adjacent
coil layers in the previously described manner. If de-
sired, -the core 19 may be removed on completion of
the coil assembly.

- As -previously discussed, all.of the coils of embedded
coil regenerators preferably have the same pressure drop,
and- the support system of the present invention facili-
tates -attainment of this objective by performing the
double function of controlling the tube length and the
coil pitch during the winding operation, and of main-
taining the desired pitch once the coil layers are formed.
In the innermost layer of the smallest diameter, only
one coil is preferably provided with the individual laps
falling into adjacent slots on the -angle support membeér.
When sufficient: coils have been wound so that a layer
is reached in which the circumference has doubled, two
coils each equal in length to the innermost coil are pro-
vided for the coil layer with their individual windings
falling into alternate slots on the coil support member.
However, the circumferences of all coil layers are not
necessarily integral multiples of the circumference of the
innermost layer. In order to keep the tube length and/or
pressure drop of such intermediate circumference layers
uniform, it is necessary that one or more of the sup-
port slots be skipped in winding each coil of the layer,
thereby omitting one or more of the coil turns.

Another feature of the present invention is the wind-
ing of adjacent coil layers in opposite directions, i.c., one
layer is wound clockwise and the next counterclockW1se
One reason for this innovation is that the stresses in the
coil bundle may be equalized by interlocking the coil
layers, which in turn permits a lighter and simpler support
system with less longitudinal heat leak. Adjacent coil
layers may be locked together by conventional means,
for example, the rigid clips 16¢. When adjacent coils
are oppositely wound, the coils “pull” in opposite di-
rections and when locked together, the forces tending to
unwind one coil are opposed by similar but opposite
forces in the other coil.  If the “unwinding” forces were
not opposed but instead placed in the same direction, the
lightweight, stacked coil support members would be
severely stressed as the. entire coil bundle tends to loosen

and expand. To avoid this undesirable situation, heavy

beam members would be necessary to transfer the tor-
sional loads back to the center dummy core. Such beam

members would increase the weight, cost, and complexity.

of the coil bundle, as well as add to the longitudinal heat

transfer through the bundle. Another advantage of the

opposite winding technique is improved fiow distribution

of the cooling air passing through the shell and around

_-the coil bundle. This is because the aforementioned al-
~ ternative ‘coil support system comprising bulky beam

members would distort the gas flow through the packed
bcd.
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“From the-foregoing ‘description, it may be: secen that
the present invention provides an economical method of
assembling a bundle of coils in substantially uniformly
spaced concentric layers, and additionally provides a
highly efficient embedded coil regenerator. It is to be
noted, however, that the present invention is not limited
to regenerator-type construction, but may be applied to
any sheli-coil type heat exchanger. Also, the terms and
expressions which have been employed are used as terms
of description and not of limitation, and there is no in-
tention in the use of such terms and expressions of ex-
cluding any equivalents of the features described. It

" should be recognized that various modifications are pos-
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sible without dcpartmg from the scope of the- mvennon.

What is claimed is:

1. Coil supporting means for a shell-coil type heat
exchanger in which the coils are wound in substantxally
uniformly and normally spaced concentric layérs of re-
spect1vely different sizes within the shell, compnsmg a
series of elongated support members ‘extending con-
tinuously longitudinally between the respective adjacent
different size coil lavers with the widths of said con-
tinuous members disposed substantially normally to. said
coils for maintaining the coil layers in . suitably spaced
relation with substantlally uniformly longitudinally spaced
outwardly opening slots in the outer portion of each sup-
port member for receiving and supporting the individual
coil windings of a given layer, a substantially flat in-
tegral projection between each pair of adjacent. slots ex-
tending -outwardly substantially normal to and beyond
the given layer and providing means for mounting: a
support member for the next larger diameter coil layer
with said projection in flat overlapping relation with the

- lower portion of the -support member to be mounted,
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and means for securing the lower portion of the next
larger diameter coil support.member to said prOJectlons
in said flat" overlapping. relation- therewith,

2. Coil support means according to claim 1, in whlch
a port.on of the material above the base at the bot-
tom of said slots is formed into a saddle which receives
and distributes the bearing load of said individual coil
windings of an outer layer of coils.

3. Co:l support means according to claim 1, in which
each support member comprises two angles placed back-
to-back with said slots formed in their vertical legs and
registering in outwardly opening relation.

4. Coil support means according to claim 1, in which
each coil layer is supported by two angles placed back-
to-back as said support members, and a portion of the
bases of said slots of each of the back-to-back angles is
formed into a saddle extending in the same direction
as the base side of the angles, said saddle receiving and
distributing the bearing load of said individual coil
windings.

5. Coil supporting means for a shell-coil type heat ex-’
changer in which the coils are wound insubstantially
uniformly  spaced concentric layers within the shell;
comprising at least three pairs of angle-shaped members

for each coil layer extending longltudmally between
60

the coil layers, each member of the pairs be mg placed
back-to-back and mamtammg the coil layers in suitably
spaced relation, with slots in each -support member for
receiving and supporting the individual coil windings

~of a given layer, a portion of the bases of said slots

being shaped into saddles for receiving and distributing
the bearmg load of said individual coil windings; a pro-
jection between each pair of adjacent slots extending
Jﬂyoud the given layer and providing means for mount-
ing the support members for the next larger diameter
coil layer; and means for securing the next larger di-

“-ameter coil support members to said projections.

15

6. Coil supporting means for a shell-coil type heat

-exchanger in which the coils are wound in substantially .

uniformly spaced concentric layers within the shell; com-
prising at least three pairs of angle-shaped members for
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each coil layér extending longitudinally - between - the

coil Tayers, each member of the pairs being placed back-
to-back and-maintaining the coil layers in suitably spaced
telation with slots in each support member for .receiv-
- ing.and supporting the individual coil windings of a
given layer, and the support members for the next larger
“diameteér coil layer closing ‘said “slots: of ‘the support
- tnembers ‘of said given coil-layer thereby firmly -holding
~ said “coils within said slots; :a- projection between -each
pair of adjacent slots extending beyond -the given-layet

and providing means for mounting said support-mem- -

bers for said next larger diameter coil layer; and means
for :securing said next larger diameter ‘coil support ‘mem-

- bers to said projections. . - - . o
~ 7. Coil supporting ‘means for a° shell-coil typé-heat
~exchanger in which the coils are wound in substantially

_ uniformly and normally spaced concentric layers within .
- the shell,:comprising -a-series of ‘elongated: support mem- . |
Bers extending substantially- continuously” longitudinaily .

betweén the respective coil layers with-the widths of said

- refation; - said’ support members ‘being angle Shaped in -
¢ross. section “in"a plane transverse ‘to the axis “of “said

coils, with ‘base -legs engaging the outer surfaces of an

" - innér layer of coils, and vertical legs extending outward- -
1y from said base legs: with outwardly ‘opening ‘slots- in-
- ‘the outer ;portion of said vertical legs. for receiving and -
- " supporting the individual windings of -an outer layer, a . .

stubstantially fiat integral projection between éach pair

" of slots extending outwardly substantially normal to and

= beyond “siad: outer - layer and overlapping “the support

. member . thereabove ‘beyond the base leg thereof, ‘and -
- means-for securing the lower portion ‘of said :support - .
member. thereabove to . said projections with said pro-

‘jections “in " flat . overlapping - relation - therewith.

962,427
25" 1,500,895

© 2,160,689 - Van Vulpen

35 22,508,247
: 72/530,519 % - Guggenheim. -
- 778, Coil supporting means for a shell-coil type heat - o 0 0

- exchanger in which the coils are wourd in longitudinally

_spaced relation in radially spaced .concentric-layers with
in ‘the shell, ‘comprising. a -series -of clongated support
members ‘extending - longitudinally in"the radial space

5. between ‘said layers” with the . widths of ‘said “‘members

extending radially for maintaining said layers. in radially
Spaced relation, with radially outwardly-opening slots"in

thé radially outer portion’ of eachsupport member -for
.- teceiving and Supporting the individual-coil windings of

io a given layer,-a substantially flat intégral: projection be-

tween each” pair of slots extending radially outward be-
yond -said -given layer and overlapping the next oufer
support member, and means for securingsaid ‘overlapping
“extensions to said next otiter support member, -each-sup-

15 port member having holes spaced radially inward from

said: projections and “staggered with. respect to the bot-
“toms of said slots to minimize - longitudinal “heat leak
through -the neat’ex;hanger. Toany Sl -
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