
1            EP 0 485 373 B1                    2 Description
meters of tubing, and the tubing has a memory set into it which causes a
tendency for it to resume the This invention relates, in a first aspect, to
an  coiled shape in which it was wound on the spool. improved method of
manufacturing a heat ex-       This tendency makes it even more difficult
to wind changer element. Such elements are employed in   5   the tubing
into the coils required for the heat ex- heat exchangers, for instance of
the kind used in  changer element, and also makes it very difficult to
cooling and heating systems for building. In a sec-  maintain the tubing
coiled in the required configu- ond aspect this invention concerns such a
heat    ration. exchanger element itself, and a heat exchanger       A
further problem encountered in the manufac- employing the heat exchange
element. In a third  10  ture of heat exchangers is that the elements are
aspect this invention concerns a reservoir suitable  required to be rigidly
restrained within the reser- for housing the heat exchanger element to form
a  voirs in order to prevent movement resulting from heat exchanger.
their buoyancy. The restrain has to be sufficiently strong to survive the
commissioning of the heat BACKGROUND ART                               15
exchangers, when water is often pumped into the reservoirs without close
supervision. Known heat exchangers, of the kind used in       There are
many other problems associated cooling and heating systems for buildings,
gen-   with known heat exchangers and heat exchanger erally comprise a
reservoir filled with a phase-  elements and their manufacture, for
instance it has change medium through which a plurality of par-  20  proved
difficult to pressure test the parts of the allel heat exchange circuits
pass. The phase-     assembly during construction which has led to the
change medium  is usually aqueous-based and       need for expensive
pre-commissioning testing. changes between water and ice in order to store
and release coldness. Typically the tubes which   DISCLOSURE OF INVENTION
comprise the heat exchanger element are disposed   25 in coiled formations
extending between an inlet      According to a first aspect of the present
In- manifold and an exhaust manifold.                 vention there is
provided a method of manufactur- JP-A-62-17598 discloses a heat exchanger
ing a heat exchanger element comprising the steps comprising several
spirals of tubing lying in planes  of: spaced apart along the axis of a
hollow chamber  30    (a) extruding a tube of deformable plastics ma- into
which a heat-exchange fluid is sprayed. The    terial; turns of the spirals
are staggered, and the outer   (b) winding the tube prior to curing to form
a end of each spiral is connected, to the outer end of  continuous spiral
of tubing lying substantially in one adjacent spiral and its inner end is
connected  a plane; with the inner end of the other adjacent spiral.  35
(c) engaging the spiral of tubing along the length A known heat exchanger
element includes ver-     of at least one spacer bar in order to maintain
tically disposed spacer elements which maintain     the tubing in the
spiral configuration; the relative positions of the coils one above the
(d) disposing a plurality of spirals of tubing one other. The tubes are
spaced closely together and    above the other; and their forward flow
portions in order to minimise the   40    (e) arranging one end of each
spiral in commu- temperature gradient throughout the phase-change
nication with an inlet manifold and the other end medium. In this way ice
is intended to form si-     in communication with an outlet manifold.
multaneously throughout the phase-change medi-       The tube may be made
of PVC or nylon or any urn and displace water upwards, thus preventing
other suitable material, but is preferably extruded any build-up of
pressure against the walls of the   45  from polyethelyne pellets.
reservoir. However, in practice reservoirs are often  The tube is quenched
before being wound, and constructed from flexible materials in order to ac-
the winding preferably takes place on a winding commodate some degree of
expansion.               table while the tube is at a temperature of, say,
Heat exchange elements have, customarily       between 40 and[err]. been
made by winding plastics tubing into coils.  50  The spacer bar preferably
extends in a radial This is a slow and cumbersome operation and it is
direction and is notched along its length with almost impossible to wind
coils with even spacing  notches of a size suitable to locate the outer
diam- and without crushing or kinking the tubing. Uneven  eter of the
tubing. Once a complete spiral of tubing spacing leads to the appearance of
temperature    has been engaged in the notches along a spacer gradients in
the phase-change medium, and kin-  55  bar a locking bar may be clipped
over the top king causes unacceptable pressure drops through   closing all
the notches and thus allowing the spiral the coils. In addition, the
plastics tubing is taken  to be removed from the winding table and handled
from spools, each of which may hold say a 100     with ease. Preferably the
locking bar initially en- 2    



3                 EP 0 485 373 B1                    4 gages the spacer bar
in a manner which allows          The spacer bars advantageously extend
radi- some adjustment of the tubing, and is subsequent-  ally with respect
to each spiral, and are notched ly driven into an irreversible engagement
which    along their length with notches of a size comen- does not permit
further movement of the tubing.    surate with the outer diameter of the
tubes. A The spacer bars are preferably splayed on   5   locking bar
advantageously engages the top of their underside in order to provide some
load        each spacer bar and prevents the tubes from being spreading.
dislocated. The bottoms of the spacer bars are The spirals are subsequently
placed on a rigid  splayed in order to provide some load-spreading.
platform, around the edges of which rods extend in     The element is
preferably supported on a rigid an upward direction in order to restrict
lateral  10  platform. Vertical rods extend from  around the movement of
the spirals. A second rigid platform is  edge of the platform and connect
with a second connected to the tops of the rods in order to      rigid
platform placed above the element to create a provide a transportable
structure.                 rigid cage containing the flexible tubes. The
inlet The spirals are preferably wound alternately    and outlet manifolds
are preferably disposed verti- clockwise and anti-clockwise, and arranged
in pairs  15  cally up the side of the element. one above the other. The
inner ends of each pair       The spirals are preferably wound alternately
are connected together, the outer end of the lower  clockwise and
anti-clockwise, and arranged in pairs spiral is connected to the inlet
manifold and the  one above the other. The inner end of each pair outer end
of the upper spiral is connected to the  are connected together, the outer
end of the lower outlet manifold in order to create one circuit. This  20
spiral is connected to the inlet manifold, and the has the advantage that
the heat exchange fluid     outer end of the upper spiral is connected to
the flows in the same direction through both spirals,  outlet manifold. In
this way the heat exchange fluid and thus the circuit does not experience
the pres-  flows in the same direction, either clockwise or sure drop
associated with a change of direction.   anti-clockwise, in both the
spirals. Also the connec- A heat exchanger may be manufactured by   25
tion between the two spirals need not be sharply placing an element
constructed in the manner out-  angled, and could even be straight. Thus
the pres- lined above in a reservoir and then securing it to  sure drop
associated with sharp changes in flow the reservoir, preferably at the
bottom.           direction is avoided. In addition less stress is The
reservoir is preferably constructed with an  placed on the tubing and
interconnections. inner and outer fibre-glass skin sandwiching a layer  so
In elements having a large diameter it may be of thermally insulating
material.                  advantageous to have two or more concentric spi-
According to a second aspect of the present     rals in each layer, in
order to reduce the pressure invention there is provided a heat exchanger
ele-  drop from inlet to outlet. In order to accomplish this ment of the
type which exchanges heat between a    a pair of spirals may be wound and
then cut fluid circulating in the element and a phase-change   35   midway
along their length. The outer portions of medium in a reservoir, the
element comprising: a   the pair of spirals are connected as before; and
the plurality of flexible tubes each arranged in a sub-  inner ends of the
inner portions are connected stantially planar spiral, each spiral
substantially dis-  together, and the cut ends of the inner portions are
posed horizontally one above the other, the tube   connected to the inlet
and outlet manifolds such forming each spiral being engaged along the
length  40  that the flows in the inner and outer portions of of at least
one respective substantially horizontal  each spiral are
counter-directional. However, flow is spacer bar in order to maintain that
tube in the   maintained in the same direction throughout the spiral
configuration, but the individual spirals being  pair of outer portions and
also throughout the pair not constrained by any rigid means against
vertical  of inner portions, and all the advantages discussed movement with
respect to the spirals above or  45  above in relation to maintaining flow
in the same below; and one end of each spiral being in commu-  direction
throughout each circuit are preserved. nication with an inlet manifold and
the other end in  Furthermore, the counter-directional flows in the
communication with an outlet manifold.             inner and outer portions
of each spiral serve to Preferably there is void at the centre of each
neutralize any gyroscopic effect generated by un- spiral such that a
cylindrical void, coaxial with the   50  idirectional flow of the heat
exchange fluid. spirals, is created throughout the centre of the       A
heat exchanger may comprise a reservoir element.
preferably being of rigid construction and having Preferably the flexible
tubes are made of       parallel walls into which an element as described
polyethelyne because of its thermal and chemical   above is secured.
stability, and mechanical strength. However, the  55   Such a reservoir is
preferably made from fibre- tubes may be made from PVC or nylon or any
glass, and the element is preferably secured to the other suitable
material.                           bottom of the reservoir. The reservoir
preferably has parallel vertical walls, and comprises an inner 3    



5                 EP 0 485 373 B1                       6 and an outer
fibre-glass tank, placed one inside the  through a circuit of an element
embodying the other and separated by thermally insulating ma-     present
invention; terial, the outside of the inner tank being banded  figure 10 is
a schematic illustration of the man- with convex rings of reinforcement.
ifolds of a heat exchanger embodying the The bottom of the outer tank is
advantageously   5  present invention, including a pump-out facility;
recessed in the centre and a piece of marine ply is  figure 11 illustrates
the construction of the spig- positioned between this recess and the inner
tank.  ots attached to the manifolds of figure 11; Also a circular ripple
suitable for locating an O-ring  figure 12 is a sectional view of a
reservoir used may be moulded into the interior surface of the     in a
heat exchanger according to an embodi- bottom of the inner tank above the
piece of marine  10  ment of the present invention; and ply. In this way a
hole may be drilled from the     figure 13 is a plan view of a heat
exchanger outside to the inside of the reservoir through the  embodying the
present invention. marine ply while still sealing the bottom of the
reservoir against the escape of its contents.     BEST MODES FOR CARRYING
OUT INVENTION The convex rings are preferably C-shaped in  15 section.
Referring to figure 1 a rotatable turn-table 1 is The meeting between the
sides and bottom of    positioned adjacent to a nozzle 2 which feeds con-
each tank are preferably radiused.                tinuous tubing 3 from a
plastics extruder onto the A sealing ring is advantageously located over
turn-table. The topside of the tum-table has a se- the tops of the sides of
the tanks and seals them.    20  ries of radially extending aluminium
sections 4 The thermally insulating material is preferably  dimensioned
appropriate to the maximum diameter expanded polystyrene which extends
throughout     of coil design to be wound; typically about 3 me- the space
between the walls and bottom of the     ters diameter. tanks except for the
space occupied by the marine    Figure 2 shows a side elevation of the
turn- ply.                                         25  table of figure 1
and also illustrates that it is tilted with respect to the horizontal.
Turn-table 1 is BRIEF DESCRIPTION OF THE DRAWINGS                 mounted
on a carriage 5 together with a second turn-table 1a, and the entire
arrangement is rotat- The invention will now be described by way of  able
about vertical axis 6 in order to allow uninter- example only with
reference to the accompanying   30  rupted operation of the extruder.
drawings in which:                                   Prior to winding the
tubes 3 spacer bars 7 are figure 1 is a plan view of an apparatus which
clipped into the top of aluminium sections 4 in may be used in the method
of the first aspect of  order to provide guides for the tubes. The spacer
the invention to form a heat exchanger element  bars 7 are illustrated in
figures 3 and 4. They can embodying the second aspect of the invention;
35  be seen to be notched along their length with figure 2 is an elevation
of a pair of the apparatus  notches 8 having a length comensurate with the
of figure 1;                                    outer diameter of tubing 3.
The bottom of the figure 3 is a side elevation of a spacer bar used  spacer
bars is splayed in the region 9 in order to in a heat exchanger element
embodying the       provide some load-sharing, and the top of the present
invention;                         40  upright section between the notches
is barbed 10. figure 4 is an end elevation of the spacer bar of  In use
polystyrene pellets are melted in an figure 3, and also shows a clip bar
used in a   extruder and extruded at about [err] into quench- heat
exchanger embodying the present inven-     ing baths and then fed to nozzle
2 before being tion;                                           wound onto
winding table 1. The tubes are wound figure 5 is a plan view of a platform
used in a   45  into the notches of the spacer bars 7 from the heat
exchanger embodying the present inven-     outside inward and are laid down
at a temperature tion;                                           between
[err] and [err], that is before the plas- figure 6 is a sectional view of
the platform   tics material has cured. This means that the plas- shown in
figure 5, along the line VI-VI;       tics tubing cures into the spiral
shape required. figure 7 is a perspective view of a heat ex-  50  Once an
entire spiral has been wound onto winding changer element embodying the
present inven-    table 1 the tubing is cut. The next spiral may be tion in
association with a cage;               laid down on the other winding table
1a imme- figure 8 is a schematic illustration showing the  diately, and is
wound in the counter direction. direction of flow of heat transfer medium
through  Once a complete spiral has been laid onto the a circuit of a heat
exchanger element embody-  55  spacer bars 7 a locking bar 11 is clipped
onto the ing the present invention;                      top of each bar in
order to prevent the loops of the figure 9 is a schematic illustration of
an alter-  spiral from becoming dislocated from the notches. native
direction of flow of heat transfer medium  Locking bar 11 is shown in
section in figure 4 and 4    



7                 EP 0 485 373 B1                    8 has two sets of
barbs 12 and 13. At this stage only  element may be sufficient to crush
some of the the lower set of barbs 12 are engaged with the     lower
spirals, e.g. 1200 kg or more, so it is essen- barbs 10 of the spacer bars.
Once all the locking  tial that the spacer bars do not have narrow under-
bars are in place it is possible to handle the spiral  sides, but are able
to distribute the load on the of tubing as a whole without spoiling the
configura-   5   lower spirals. The top of the element is finished tion,
but some movement of the tubing with respect  with a second bisket 26
attached to the top of the to the spacer bars is possible. Preferably there
are  upright rods 17. In some larger elements, which six or eight radially
arranged spacer and locking  may be for instance 3 meters tall or more,
inter- bar assemblies to each spiral. The spirals are not  mediate biskets
may be employed in the structure completed to the centre, or axis, but are
stopped   io  to provide additional stability. short leaving a void having
a diameter of say          Before going on to describe how a complete
between a tenth and a quarter of the diameter of   heat exchanger is
constructed using one of these the spiral.
elements, some preferred arrangements of the cir- Once the clip bars are
fitted the wound spiral is  cuits of tubing will be described. lifted off
the winding table 1 and laid on a solid  15  Referring now to figure 8
inlet manifold 23 is surface. The clip bars are then driven home to the
connected to a clockwise wound spiral 27 of tubing second barbs 13. Once
the clip bars are engaged    which, at its inner end 28 is connected to the
spiral to the second barbs the whole spiral assembly is   directly above.
The upper spiral 29 is wound anti- solid and will not permit any slippage
of the coil in  clockwise and communicates with the outlet mani- the clip
bar assembly.                         20  fold 24. It is advantageous to
arrange the outlet of The spiral is then picked up and placed on a    the
circuit higher than the inlet so that any air is bisket 14 as shown in plan
view in figure 5.       automatically swept from the tubing as it is
filled, Bisket 14 comprises a solid central disc 15 on  and gas is kept
clear of the tubing as it is used. In which are mounted arms 16 of steel
(or other       this circuit the flow enters the lower spiral 27 in a
suitable material) to provide a platform support  25  clockwise direction,
flows around to the inner end onto which the spiral may be placed. Vertical
rods  28 of the spiral then rises up to the upper spiral 29 17 extend from
the distal ends of the arms 16 in   and continues flowing in a clockwise
direction as it order to provide a restraint to lateral movement of  moves
outwards to the outlet manifold 24. the spirals. Central disc 15 is
penetrated by a        Figure 9 shows an alternative embodiment pre-
central hole 18 at the top of which is secured a nut  30  ferred in large
diameter elements. In this case the 19 over the top of which is secured a
dome 20.     spirals are cut into two once they have been re- Sufficient
space is allowed between the top of nut  moved from the winding table, the
cut being ap- 19 and the dome 20 for the insertion of the end of
proximately half-way along the length of the tube a bolt.
comprising the spiral. In this case the outer por- Each alternate spiral
laid onto bisket 14 is  35  tions, 27' and 29', of each spiral are
connected as wound in the opposite direction. The inner ends of  shown in
figure 8 but the inner portions, 27" and each pair of spirals are brought
together and joined  29", are connected to permit flow in the opposite to
comprise one complete supply and return flow   direction. That is flow from
inlet manifold 23 enters circuit.
the outer edge of the inner spiral 30 of the upper The tubes may
conveniently be joined with U-  40  layer, travels anti-clockwise around to
the inner end bends or gently curving, or even straight, elbows  31 of the
spiral then down to the inner end 32 of 21 of plastics material such as
nylon; alternatively  the lower spiral and anti-clockwise out to the outer
they may be made of metal. The tube joiners are    end 31 of the inner
portion from which it returns sealed to the tubes using circular
compression     directly to the outlet manifold 24. This arrangement clips
22 which may be made of plastics or metal,  45  has the advantage that by
reducing the length of but preferably a plastics ratchet clip is used which
each circuit unnecessarily large pressure drops (i.e. provides a full
circular pull-up or compression. The  above 60-70 kPa) are prevented from
occurring. type of clips which have a small flat section should   The
manifolds situated at the radially outer be avoided since they permit frost
and ice to form  edge of the assembly are connected to many par- at the
ends of the flat section between the clip and   so  allel circuits and it
is therefore not possible to tube, and that can lead to ice heave damaging
the  pump or blow the assembly dry, since as soon as tubes and causing
leakage.                         the first few circuits were emptied they
would pro- The outer ends of the spirals of the pair for-  vide a by-pass
for any applied pressure. Therefore ming each circuit are connected to an
inlet 23 and  a pump-out facility is provided which essentially outlet 24
manifold.                           55  comprises a stand pipe 34 connected
to the bot- Many circuits are stacked one above the other   tom of the
inlet manifold 24 through a foot or check to form a hollow cylindrical heat
exchanger element  valve 35, as shown in figure 10. This allows an having a
void 25 along the axis. The weight of the  external positive displacement
pump to empty the 5    
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Preferably, four metal brackets are secured It will be seen that the
manifolds are very   inside 49 and outside 50 the outer tank 42 where
complicated structures having many spigots 36    the walls meet the floor.
The inner and outer brack- connected along the length of the pipe. The pipe
ets are bolted to each other through the wall of the may be manufactured
from copper tube, and the   5   tank by means of bolts 51 and nuts 52. The
bolts spigots are typically of brass. Alternatively the  51 enable hooks 53
to be secured to the outside of manifolds may be fabricated from plastics
materi-  the tank so that the tank may be lifted by a crane, als. The
spigots 36 consist of hollow tubes having  or, alternatively allow a wheel
assembly 54 to be hose retaining barbs 37 circumferentially disposed
connected to the outside of the tank to allow it to at one end on the outer
surface whereby the spig-  10  be pushed along. The wheels 55 of the wheel
ots are adapted for connection to the tubing. The  assembly are preferably
mounted on a threaded spigots are also provided with a flange or shoulder
member 56 which extends through a sleeve 57 so 38 adjacent the other end
whereby the spigot is  that the wheels may be wound down into engage-
adapted to be inserted as a push fit into a hole  ment with the ground
after the assembly 54 has drilled through the side wall of the manifold
tube,  15  been connected to the reservoir. These transport- with shoulder
38 abutting the manifold wall. The  ing fixtures are necessary because a
complete heat spigots are then soldered or welded or otherwise  exchanger,
when empty, may weigh up to 1700 kg connected, to the manifold. The spigots
are pro-  or more. vided with an internal membrane or wall closure 39.  The
inner tank is preferably formed with a In practice the spigots are welded
to the man-  20  ripple of fibre-glass 58 concentric with its axis, and
ifolds and the manifolds are then pressure tested to  onto which an O-ring
59 may be embedded with a ensure adequate welding. This is necessary be-
generous application of silicon or other suitable cause of the enormous
expense involved in de-    sealing, non-hardening material. A hole 60 may
commissioning and dismantling an assembled or    then be drilled through
the centre of the bottom of part-assembled element in order to mend a leak.
If  25  the tank, a heat exchanger element may then be all the welds are
satisfactory the membranes 39 of  lifted and lowered into the tank, and a
three quarter adjacent spigots are drilled out, and the tubing of a  inch
steel bolt 61 may be inserted through hole 60 pair of spirals is connected
to these adjacent spig-  and screwed into the nut 19 mounted in the bisket
ots. The joints are then pressure tested for leaks,  assembly at the bottom
of the element, and tight- and so on.                                   30
ened. In this way the bolt 61 maintains the element A reservoir suitable
for housing a heat ex-   firmly secured to the bottom of the reservoir. The
change element will now be described with refer-  O-ring 59 seals against
the central disc 15 of the ence to figure 12.
bisket and prevents the phase-change medium The heat exchanger reservoir
comprises an     leaking out through the hole 60. A heavy gal- inner
fibre-glass tank 41 and an outer fibre-glass  35  vanized steel plate 62
may be glassed into the tank 42, both preferably circular in plan view. The
base of the outer tank to provide added strength. tanks are preferably made
in two halves so that the  A top of similar construction to the rest of the
walls may be substantially vertical and parallel, the  reservoir is
preferably provided in order to finish halves being connected together with
fibre-glass  the heat exchanger. matting in known manner.
40      Experience has shown that the larger the heat A region 43 in the
centre of the outer tank is  exchanger the more cost effective it is to
manufac- recessed inward. A disc-shaped platter 44 of ex-  ture and use.
Therefore it is desirable to make panded polyurethane foam is placed in the
bottom  exchangers up to say 3 meters in diameter and 3 of the outer tank
extending from the walls to the  meters height. Such a heat exchanger may
have a recess. A block of marine ply 45 is placed above   45  thermal
storage capacity in excess of 1200 kilowatt the recess. The inner tank 41
is then placed in the  hours. outer tank 42. Polyurethane foam 46 is then
ex-      Once a heat exchanger has been installed in panded into the cavity
between the walls of the  the desired location it is commissioned for use.
inner and outer tanks.                           This preferably involves a
careful filling of the res- The outer walls of the inner tank are banded
so  ervoir with phase-change medium and a simulta- with C-shaped section
reinforcement bands 47 to  neous filling of the element with heat exchange
prevent deformation of the tank when the polyure-  fluid. However, it has
been found that the proper thane foam is expanded into the wall cavity. A
commissioning procedures are often not followed sealing ring 48 closes the
top of the cavity between  and the reservoir may be filled, say, with water
the inner and outer tank.                    55  from a fire hose under
little or no supervision. In this manner a rigid thermally insulated reser-
Unless the tubes of the element are filled concur- voir is constructed,
capable of being filled with  rently with the reservoir the element becomes
water or other heavy liquid.                     buoyant and may generate
an upward thrust in the 6    



11                EP 0 485 373 B1                   12 region of several
thousand kilograms, thus the ne-  top and it can be seen that in an
over-charged tank cessity for the three quarter inch steel bolt 61.  there
is a hump in the level of ice in the central Once the heat exchanger is
fully commissioned the  region where there are no tubes. density of the
phase-change medium is approxi-        The freezing of the central column
provides an mately equal to the combined density of the tubes   5   ideal
condition for accurately determining a true ice and heat exchange fluid so
the element only exper-  build condition, and thus a true termination con-
iences small upward or downward thrusts. A par-   dition can be selected
with ease. ticular feature of the heat exchanger element is that  The
capacity of a thermal store as described there is no restraint on vertical
movement of the  can be made to vary, depending on the require- spirals,
other than the top bisket and the connec-  10   ments, by using more, or
less, tubing in the ele- tions to the manifold. There is also some
additional  ment. This can be achieved by simply reducing or restraint from
the interconnection between the pairs  increasing the number of vertical
circuits, or by of spirals forming each circuit but generally the  changing
the horizontal spacing and using spacer spirals are free to float and find
their own level in  bars with different spacings. This is easily done the
phase-change medium.                      15  since the spacer bars may be
manufactured blank The phase-change medium is preferably an       and have
the notches punched out of them at a aqueous-based salt solution having a
density of   later date. between one and two times the density of water.
In some applications it may be necessary to The heat exchange fluid is
preferably a gly-      include a supplementary coil in order to ensure a
col/water solution.                          20  very rapid build up or
burn off of ice. This coil may In order to store coldness cold heat
exchange  conveniently be placed, as a spiral or as a series of medium is
pumped into the inlet manifold and      vertical tubes, within the empty
core of the ele- exhausted through the outlet manifold. At the be-  ment,
provided it does not fill the core completely. ginning of the process all
the sensible heat is   Typically a series of four or five one inch outer
removed from the phase-change medium around   25  diameter tubes near the
axis of the element will be the element, cooling it to its freezing
temperature.  sufficient for most purposes. Further cooling causes the
formation of ice par-     There are some new  non-aqueous phase- ticles
around the spirals, ice forms first where the  change mediums being
developed, and some of tubes are nearest the inlet manifolds. However, the
these will change phase between the liquid and tubes themselves are
somewhat thermally insulat-  30  solid states at very high temperatures.
This can ing and, as a result of the constant horizontal   mean that in the
event of a breakdown the phase- spacing, ice forms substantially
simultaneously   change medium remains solid, and in this case it is
throughout the element. As ice forms on the outer  necessary to include
some heating elements ar- surface of a tube of the element it insulates
that  ound the exterior of the element or the sides of the tube and slows
down the production of more ice on   35  reservoir to ensure that the solid
mass of phase- it, thus ensuring an even build-up of ice throughout  change
medium can be released. the element. The build-up of ice displaces water
It should be appreciated that the invention may from around the spirals and
also pushes apart     be embodied in many other ways besides that those
spirals which are close to those above or   described with reference to the
preferred embodi- below them, thus the freezing process automati-  40
ment. In particular it should be realised that the cally regulates the
vertical distribution of spirals in  element and heat exchanger could be
manufac- the element and maintains a constant separation   tured from a
wide variety of materials besides between them. Expansion of the ice is
controlled to  those mentioned, and it should also be appreciated take
place in a substantially vertical direction and  that the configuration of
the elements and heat not horizontally, therefore there is no extra pres-
45  exchanger may vary widely within the scope of the sure exerted on the
walls of the tank which may   invention. consequently be made of a rigid
material.            In particular it should be appreciated that there Once
the phase-change medium around the       is no reason why the coils could
not be wound element is fully frozen there are still two liquid  from the
inside out; many other arrangements for regions: the cylindrical column at
the centre of the   50  the spacer and locking bars could be incorporated
element, and the cylindrical body of water around  besides those mentioned,
in particular the spacer the exterior of the element, between it and the
bars need not be arranged radially, but could be reservoir walls. If the
tank is cooled below the point  arranged in a grid, or even diametrically.
Only one where all the phase-change medium surrounding     inlet and outlet
manifold have been mentioned, but the element is frozen, the remaining
sensible heat  55  of course several could be included around the is
extracted from the central column of liquid    edge of the element, or in
any other convenient phase-change medium, and further cooling freezes
places. The element as a whole may be con- this column. This freezes from
the bottom to the  strained in a cage of many other designs than that 7    



13                EP 0 485 373 B1                   14 shown. The element
may be secured into the heat   6. A method of manufacturing a heat
exchanger exchanger tank in many other ways than that pre-     element as
claimed in Claim 1, wherein the ferred. The reservoir may be constructed in
many     spirals are subsequently placed on a first rigid other ways than
that indicated. Heat exchangers      platform (16), around the edges of
which rods need not use rigid tanks, and the walls of the tank   5  (17)
extend in an upward direction, and a sec- need not be parallel, in which
case the tanks can    ond rigid platform (26) is connected to the tops be
moulded all in one piece. There is no reason      of the rods. why the heat
exchange element need be of gen- erally cylindrical shape penetrated by a
cylindrical  7. A method of manufacturing a heat exchanger void, and it
could be frusto-conical or any other  10  element as claimed in Claim 1,
wherein the convenient shape. The spirals need not be circular   spirals
are wound alternately clockwise and but could of course be oval, otherwise
curved, or    anti-clockwise, and arranged in pairs one even rectilinear
provided the corners were radiused   above the other. to prevent the tubing
from kinking. 15  8. A method of manufacturing a heat exchanger Claims
element as claimed in Claim 7, wherein the inner ends of each pair of
spirals are connect 1. A method of manufacturing a heat exchanger
together (21), the outer end of the lower spiral element comprising the
steps of:                  is connected to the inlet manifold and the outer
(a) extruding a tube (3) of deformable plas-  20  end of the upper spiral
is connected to the tics material;                                 outlet
manifold. (b) winding the tube prior to curing to form a continuous spiral
of tubing lying substan-  9. A method of manufacturing a heat exchanger
tially in a plane;                             element as claimed in Claim
7, wherein the (c) engaging the spiral of tubing along the   25  tubing of
each spiral of a pair is cut along its length of at least one spacer bar
(7) in order  length to form an inner and an outer portion of to maintain
the tubing in the spiral configu-   each spiral; and the inner portions and
outer ration;                                        portions of the pair
are connected into sepa- (d) disposing a plurality of spirals (27, 29) of
rate circuits. tubing spaced apart from each other along   30 a common
axis, and                          10. A method of manufacturing a heat
exchanger (e) placing one end of each spiral in com-    comprising the
steps of: munication with an inlet manifold (23) and       (a)
manufacturing a heat exchanger element the other end in communication with
an            according to any preceding claim, placing outlet manifold
(24).                  35         said element in a reservoir (40) and then
securing it to the reservoir. 2. A method of manufacturing a heat exchanger
element as claimed in Claim 1, wherein the    11. A method of manufacturing
a heat exchanger tube is extruded from polyethylene pellets.       as
claimed in Claim 10, wherein said element 40     is secured to the bottom
of said reservoir. 3. A method of manufacturing a heat exchanger element as
claimed in Claim 2, wherein the    12. A heat exchanger element of the type
which tube is wound onto a winding table (1) while at   exchanges heat
between a fluid circulating in a temperature between 40 and 60  C.
the element and a phase-change medium in a 45     reservoir (40) in which
the element is im- 4. A method of manufacturing a heat exchanger
mersed, the element comprising: a plurality of element as claimed in Claim
1, wherein once a     spirals (27, 29) of flexible tubing spaced apart
complete spiral of tubing has been engaged        from each other along a
common axis, the along a spacer bar a locking bar (11) is clipped  tubes of
each spiral being engaged along the over the top and initially engages the
spacer  50  length of at least one spacer bar (7) in order to bar in a
manner which allows adjustment of the    maintain that tube in the spiral
configuration, tubing.                                           one end of
each spiral being in communication with an inlet manifold (23) and the
other end in 5. A method of manufacturing a heat exchanger
communication with an outlet manifold (24). element as claimed in Claim 4,
wherein the   55 locking bar is subsequently driven into an ir-  13.  A
heat exchanger element as claimed in Claim reversible engagement which does
not permit       12, wherein there is a void (25) at the centre of further
movement of the tubing.                   each spiral such that a
cylindrical void, coaxial 8    
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may be secured into the heat   6. A method of manufacturing a heat
exchanger exchanger tank in many other ways than that pre-      element as
claimed in Claim 1, wherein the ferred. The reservoir may be constructed in
many      spirals are subsequently placed on a first rigid other ways than
that indicated. Heat exchangers      platform (16), around the edges of
which rods need not use rigid tanks, and the walls of the tank   5  (17)
extend in an upward direction, and a sec- need not be parallel, in which
case the tanks can    ond rigid platform (26) is connected to the tops be
moulded all in one piece. There is no reason      of the rods. why the heat
exchange element need be of gen- erally cylindrical shape penetrated by a
cylindrical  7. A method of manufacturing a heat exchanger void, and it
could be frusto-conical or any other  10  element as claimed in Claim 1,
wherein the convenient shape. The spirals need not be circular   spirals
are wound alternately clockwise and but could of course be oval, otherwise
curved, or     anti-clockwise, and arranged in pairs one even rectilinear
provided the corners were radiused   above the other. to prevent the tubing
from kinking. 15  8. A method of manufacturing a heat exchanger Claims
element as claimed in Claim 7, wherein the inner ends of each pair of
spirals are connect 1. A method of manufacturing a heat exchanger
together (21), the outer end of the lower spiral element comprising the
steps of:                  is connected to the inlet manifold and the outer
(a) extruding a tube (3) of deformable plas-  20  end of the upper spiral
is connected to the tics material;                                  outlet
manifold. (b) winding the tube prior to curing to form a continuous spiral
of tubing lying substan-  9. A method of manufacturing a heat exchanger
tially in a plane;                              element as claimed in Claim
7, wherein the (c) engaging the spiral of tubing along the   25  tubing of
each spiral of a pair is cut along its length of at least one spacer bar
(7) in order  length to form an inner and an outer portion of to maintain
the tubing in the spiral configu-   each spiral; and the inner portions and
outer ration;                                         portions of the pair
are connected into sepa- (d) disposing a plurality of spirals (27, 29) of
rate circuits. tubing spaced apart from each other along   30 a common
axis, and                          10. A method of manufacturing a heat
exchanger (e) placing one end of each spiral in com-      comprising the
steps of: munication with an inlet manifold (23) and        (a)
manufacturing a heat exchanger element the other end in communication with
an            according to any preceding claim, placing outlet manifold
(24).                  35         said element in a reservoir (40) and then
securing it to the reservoir. 2. A method of manufacturing a heat exchanger
element as claimed in Claim 1, wherein the    11. A method of manufacturing
a heat exchanger tube is extruded from polyethylene pellets.       as
claimed in Claim 10, wherein said element 40     is secured to the bottom
of said reservoir. 3.  A method of manufacturing a heat exchanger element
as claimed in Claim 2, wherein the     12. A heat exchanger element of the
type which tube is wound onto a winding table (1) while at   exchanges heat
between a fluid circulating in a temperature between 40 and 60 * C.
the element and a phase-change medium in a 45     reservoir (40) in which
the element is im- 4. A method of manufacturing a heat exchanger
mersed, the element comprising: a plurality of element as claimed in Claim
1, wherein once a     spirals (27, 29) of flexible tubing spaced apart
complete spiral of tubing has been engaged        from each other along a
common axis, the along a spacer bar a locking bar (11) is clipped  tubes of
each spiral being engaged along the over the top and initially engages the
spacer  so  length of at least one spacer bar (7) in order to bar in a
manner which allows adjustment of the    maintain that tube in the spiral
configuration, tubing.                                           one end of
each spiral being in communication with an inlet manifold (23) and the
other end in 5. A method of manufacturing a heat exchanger
communication with an outlet manifold (24). element as claimed in Claim 4,
wherein the  55 locking bar is subsequently driven into an ir-  13. A heat
exchanger element as claimed in Claim reversible engagement which does not
permit       12, wherein there is a void (25) at the centre of further
movement of the tubing.                   each spiral such that a
cylindrical void, coaxial 8    
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is created throughout the cen-  tions of the pair of spirals are connected
to- tre of the element.                               gether (21), the
outer end (22) of the outer portion of the lower spiral is connected to the
14. A heat exchanger element as claimed in Claim     inlet manifold (23),
and the outer end of the 12, wherein the flexible tubes are made of   5
outer portion of the upper spiral (29') is con- polyethylene.
nected to the outlet manifold (24); the inner ends of the inner portions of
the pair of spirals 15. A heat exchanger as claimed in Claim 12,
are connected together (31, 32), the outer end wherein the spacer bars
extend radially with      of the inner portion of the upper spiral (29") is
respect to each spiral.                  10       connected to the inlet
manifold, and the outer end (33) of the inner portion of the lower spiral
16. A heat exchanger element as claimed in Claim     is connected to the
outlet manifold. 12, wherein the spacer bars are notched along their length
with notches (8) of a size comen-  25. A heat exchanger element as claimed
in any surate with the outer diameter of the tubes.  15  one of Claims 12
to 24 further comprising a heating element around the periphery. 17. A heat
exchanger element as claimed in Claim 12, wherein a locking bar (11)
engages the top  26. A heat exchanger comprising a reservoir (40) of each
spacer bar and prevents the tubes        into which is secured a heat
exchanger ele- from being dislocated.                    20      ment
according to any of Claims 12 to 25. 18. A heat exchanger element as
claimed in Claim   27. A heat exchanger as claimed in Claim 26, 12, wherein
the cross-section of each spacer      wherein the reservoir is of rigid
construction. bar is splayed to produce a bottom surface of large area.
25  28. A heat exchanger as claimed in Claim 26, wherein the reservoir has
parallel walls (41, 19. A heat exchanger element as claimed in Claim
42). 12, wherein the element is supported on a first rigid platform (16),
and vertical rods (17) ex-  29. A heat exchanger as claimed in Claim 26,
tend from around the edge of the first platform   30  wherein the reservoir
is made from fibre-glass. and connect with a second rigid platform (26)
place above the element to create a rigid cage  30. A heat exchanger as
claimed in Claim 26, containing the flexible tubes.
wherein the element is secured to the bottom of the reservoir. 20. A heat
exchanger element as claimed in Claim  35 12, wherein the inlet (23) and
outlet manifolds  Patentanspruche (24) are disposed vertically up the side
of the element.                                       1. Verfahren zum
Herstellen eines WArmetau- scherelements, das folgende Schritte aufweist:
21. A heat exchanger element as claimed in Claim   40   (a) Extrudieren
eines Rohres (3) aus ver- 12, wherein the spirals (27, 29) are wound
formbarem Kunststoffmaterial; alternately clockwise and anti-clockwise, and
(b) Aufwickeln des Rohres vor dem HArten arranged in pairs one above the
other.              zur Bildung einer kontinuierlichen Rohrma-
terialspirale, die im wesentlichen in einer 22. A heat exchanger element as
claimed in Claim   45   Ebene liegt; 21, wherein the inner ends of each
pair are         (c) in-Eingriff-Bringen der Rohrmaterialspira- connected
together, the outer end of the lower      le entlang der Linge von
wenigstens einer spiral is connected to the inlet manifold, and
Abstandshalterstange (7) zum Halten des the outer end of the upper spiral
is connected       Rohres in der spiralformigen Konfiguration; to the
outlet manifold.                   so        (d) Anordnen einer Vieizahl
von Rohrmateri- alspiralen (27, 29) im Abstand voneinander 23 A heat
exchanger element as claimed in Claim         entlang einer gemeinsamen
Ebene; und 21, wherein the tubing of each spiral of a pair     (e)
Plazieren des einen Endes jeder Spirale is cut along its length to form an
inner and        in Verbindung mit einem Eingangsverteiler outer portion of
each spiral.             55        (23) und des anderen Endes in Verbindung
mit einem Ausgangsverteiler (24). 24. A heat exchanger element as claimed
in Claim 23, wherein the inner ends of the outer por- 9 *C   L  M   S*    



17                EP 0 485 373 B1                    18 2. Verfahren zum
Herstellen eines Warmetau-           inneren Bereiche und die auBeren
Bereiche scherelements nach Anspruch 1,                     der Paare zu
separaten Kreisen verbunden wobei das Rohr aus Polyethylen-Pellets extru-
werden. diert wird. 5   10. Verfahren zum  Herstellen eines Wfrmetau- y, &
Verfahren zum  Herstellen eines Wfarmetau-           schers, das folgende
Schritte aufweist: scherelements nach Anspruch 2,                       (a)
Herstellen  elnes Warmetauscherele- wobei das Rohr auf einen Aufwickeltisch
(1)           ments nach einem der vorhergehenden An- aufgewickelt wird,
wahrend es sich auf einer          sprUche, Plazieren des Elements in einem
Temperatur zwischen 40 und 60 ' C befindet.    10     Behilter (40) sowie
anschlieBendes Befesti- gen desselben an dem Behalter. 4. Verfahren zum
Herstellen eines Warmetau- scherelements nach Anspruch 1,
11. Verfahren zum  Herstellen eines Warmetau- wobei dann, wenn eine fertige
Rohrmaterialspi-     schers nach Anspruch 10, rale entlang einer
Abstandshalterstange in Ein-  15  wobei das Element an dem Boden des Behil-
griff gebracht worden ist, eine Verriegelungs-     ters befestigt wird.
stange (11) Uber die Oberseite derselben ge- klemmt wird und anfangs derart
an der Ab-       12. Warmetauscherelement des Typs, das Warme
standshalterstange derart angreift, daB ein Ju-    zwischen einem in dem
Element zirkulierenden stieren des Rohrmaterials erm6glicht wird.  20
Fluid und einem Phasenanderungsmedium in einem Behilter (40) austauscht, in
den das 5. Verfahren zum  Herstellen eines Wlrmetau-           Element
eingetaucht ist, scherelements nach Anspruch 4,                     wobei
das Element folgendes aufweist: wobei die Verriegelungsstange anschlieeend
in      eine Vielzahl von Spiralen (27, 29) aus flexi- irreversiblen
Eingriff gebracht wird, in dem kei-  25  blem Rohrmaterial, die entlang
einer gemein- ne weitere Bewegung des Rohres moglich ist.        samen
Achse voneinander beabstandet sind, wobei die Rohre jeder Spirale entlang
der LAn- 6. Verfahren zum  Herstellen eines Warrmetau-          go
wenigstens einer Abstandshalterstange (7) scherelements nach Anspruch 1,
in Eingriff mit dieser gehalten sind, um das wobei die Spiralen
anschliefend auf einer er-  30  jeweilige Rohr in der spiralformigen
Konfigura- sten starren Plattform (16) plaziert werden, um    tion zu
halten, wobei das eine Ende jeder deren Bander herum sich Stangen (17) nach
Spirale mit einem  Eingangsverteiler (23) in oben erstrecken, und wobei
eine zweite starre      Verbindung steht und das andere Ende mit Plattform
(26) mit den oberen Enden der Stan-      einem  Ausgangsverteiler (24) in
Verbindung gen verbunden ist.                         35      steht. 7.
Verfahren zum  Herstellen eines Warmetau-       13. Warmetauscherelement
nach Anspruch 12, scherelements nach Anspruch 1,                     wobel
ein Freiraum  (25) in der Mitte jeder wobei die Spiralen abwechselnd im
Uhrzeiger-       Spirale gebildet ist, so daB ein mit den Spira- sinn und
im Gegenuhrzeigersinn gewickelt so-  40   len koaxialer, zylindrischer
Freiraum durch die wie paarweise (ibereinander angeordnet wer-        Mitte
des Elements hindurch gebildet ist. den. 14. Warmetauscherelement nach
Anspruch 12, &  Verfahren zum  Herstellen eines Wfrmetau-           wobei
die flexiblen Rohre aus Polyethylen ge- scherelements nach Anspruch 7,
45      bildet sind. wobei die inneren Enden jedes Paares von Spiralen
miteinander verbunden werden (21),     15. Wflrmetauscherelement nach
Anspruch 12, das AuBere Ende der unteren Spirale mit dem        wobei sich
die Abstandshalterstangen in bezug Eingangsverteiler verbunden wird und das
fu-       auf jede Spirale radial erstrecken. Bere Ende der oberen Spirale
mit dem Aus-  50 gangsverteiler verbunden wird.                  16.
Warmetauscherelement nach Anspruch 12, wobei die Abstandshalterstangen
entlang ihrer 9. Verfahren zum  Herstellen elnes Warmetau-           Lange
mit Aussparungen (8) ausgebildet sind, scherelements nach Anspruch 7,
deren Gr6Be dem AuBendurchmesser der Roh- wobei das Rohrmaterial jeder
Spirale eines   55    re angepaet ist. Paares entlang seiner Lange zerteilt
wird, um einen inneren Bereich und einen auBeren Be-     17.
Warmetauscherelement nach Anspruch 12, reich jeder Spirale zu bilden; und
wobei die       wobei eine Verriegelungsstange (11) an der 10
1Ill o           l!   11 1111    19                EP 0 485 373 B1
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Oberseite jeder Abstandshalterstange angreift     reichs der unteren
Spirale mit dem Ausgangs- und eine Verlagerung der Rohre verhindert.
verteiler verbunden ist. 1& Warmetauscherelement nach Anspruch 12,
26. Wirmetauscherelement nach einem der wobel die Querschnittsflache jeder
Abstands-   5  Ansprache 12 bis 14, halterstange erweitert ist, um eine
groffilchige  das ferner ein Heizelement urn den Umfang Bodenfliche zu
bilden.                            herum aufweist. 19. Wlrmetauscherelement
nach Anspruch 12,        26. Warmetauscher mit einem Behalter (40), wobei
das Element auf einer ersten starren   10  in dsm ein Warmetauscherelement
nach ei- Plattform (16) gehaltert ist und sich vertikale   nem der
AnsprOche 12 bis 25 befestigt ist. Stangen (17) von dem Bereich um den Rand
der ersten Plattform herum weg erstrecken und  27. Warmetauscher nach
Anspruch 26, mit einer zweiten starren Plattform (26) verbun-  wobei der
Behalter eine starre Konfiguration den sind, die Uber dsm Element
angeordnet  15     aufweist. ist, um einen starren K~fig zu bilden, der die
flexiblen Rohre enth~lt.                      28. Warmetauscher nach
Anspruch 26, wobei der Behallter parallels Wande (41, 42) 20.
Warmetauscherelement nach Anspruch 12,            besitzt. wobei der
Eingangsverteiler (23) und der Aus-  20 gangsverteiler (24) vertikal nach
oben verlau-  29. Warmetauscher nach Anspruch 26, fend entlang der Seits
des Elements angeord-      wobei der Behilter aus Fiberglas hergestelt net
sind.                                         ist. 21. Warmetauscherelement
nach Anspruch 12,   25  30. WArmetauscher nach Anspruch 26, wobei die
Spiralen (27, 29) abwschselnd im        wobei das Element an dem Boden des
Behal- Uhrzeigersinn und im Gegenuhrzeigersinn ge-      ters befestigt ist.
wickelt sowie paarweise Ubereinander angeord- net sind.
Revendlicatlons 30 22. WArmetauscherelement nach Anspruch 21,        1.
Proc6d6 de fabrication d'un el6ment d'echan- wobei die inneren Enden jedes
Paares mitein-      geur de chaleur comprenant les etapes de: ander
verbunden sind, das auBere Ends der           a) extruder un tube (3) en
matdriau plasti- unteren Spirale mit dem Eingangsverteiler ver-      qus
deformable; bunden ist und das MuBere Ende der oberen   35      b) enrouler
le tube avant la cuisson pour Spirale mit dem Ausgangsverteiler verbunden
former une spirale continue de tubage dis- ist.
poses sensiblement dans un plan; c) engager la spirale de tubage le long de
la 23. Warmetauscherelement nach Anspruch 21,              longueur d'au
moins une barre d'espace- wobei das Rohrmaterial jeder Spirale eines  40
ment (7) afin de maintenir le tubage dans la Paares entlang seiner LInge
geteilt ist, urn        configuration de spirale; einen inneren und einen
aueeren Bereich jeder       d) disposer une pluralite de spirales (27, 29)
Spirale zu bilden.                                  de tubage espac6es les
unes des autres le long d'un axe commun, et 24. Wlrmetauscherelement nach
Anspruch 23,   45         s) placer une extremite de chaque spirale wobei
die inneren Enden der Auferen Bereiche        en communication avec un
collecteur d'on- des Spiralenpaares miteinander verbunden            trde
(23) et une autre extrdmitd en commu- sind (21), das aufere Ende (22) des
MuSeren         nication avec un collecteur de sortie (24). Bereichs der
unteren Spirale mit dem Ein- gangsverteiler (23) verbunden ist und das Mu-
50  2. Procedd de fabrication d'un element d'dchan- Bore Ends des MuBeren
Bereichs der oberen         geur de chalour solon la revendication 1, dans
Spirale (29') mit dem Ausgangsvertoilsr (24)     lequel le tube est extrude
a partir de preformes verbunden ist; wobei die Inneren Enden der        de
polydthylbne. inneren Bereiche des Paares von Spiralen mit- einander
verbunden sind (31, 32), das Mufere  55  3. Procede de fabrication d'un
4lement d'echan- Ende des inneren Bereichs der oberen Spirale      geur de
chaleur selon la revendication 2, dans (29") mit dem Eingangsverteilsr
verbunden ist     lequel le tube eat enroul4 sur une table d'en- und das
MuBere Ends (33) des inneren Be-          roulement (1) sn etant A une
temperature si- 11    21                EP 0 485 373 B1
22 tude entre 40 ot 60 - C.                        II. Procede de
fabrication d'un 6changeur de cha- lour solon la revendication 10, dans
lequol ledit 4. Proced6 de fabrication d'un el6ment d'6chan-        element
est fixe au fond dudit r6servoir. 



gour de chaleur solon la revendication 1, dans loquol, une fois qu'une
spirale complbte de   5   12. El6ment d'echangeur de chalour du type qui \v
tubage a 6t6 engag6e le long d'une barre            dchange de la chalour
entre un fluide circulant d'espacement, une barre de formeture (11) est
dans l'dldment ot un milieu de changement de enclipsde sur le dessus et
vient on prise initia-  phase dans un r6servoir (40) dans loquel I'616-
loment avec la barre d'espacement dans une         ment est immerg6,
r61iment comprenant : une manibre qui permet l'ajustement du tubage.  10
pluralitd de spirales (27, 29) du tubage flexible espacdes les unes des
autres le long d'un axe 5. Proctdd de fabrication d'un didment d'dchan-
commun, los tubes de chaque spiralo 6tant geur de chaleur solon la
revendication 4, dans     engag6s le long de la longuour d'au moins une
loquel le barre de fermeture est ensuite           barre d'espacement (7)
afin de maintenir co conduite dans une prise irreversible qui no   15
tube dans la configuration de spirale, une ex- pormet plus d'autres
mouvements du tubage.         tr6mite de chaque spirale 6tant on communica-
tion avoc un collectour d'entr6e (23) et l'autre 6. Proc6d6 de fabrication
d'un 6l6ment d'6chan-        extrdmit6 6tant en communication avoc un col-
geur de chalour solon la revendication 1, dans     lecteur de sortie (24).
loquel les spirales sont ensuite placees sur  20 une premibre plate-forme
rigide (16), autour    13. El6ment d'6changeur de chaleur solon la re- des
bords de laquolle des tiges (17) s'6tondent    vendication 12, dens loquol
il y a un vide (25) dans une direction vers le haut, et une secon-     au
centre de chaque spirale, de telle sorte de plate-forme rigide (26) est
connectee aux       qu'un vide cylindrique, coaxial avoc les spira-
extrdmit~s sup6rioures des tiges.          25      los, est cr66 a travers
le centre de l'el6ment. 7. Procdd6 de fabrication d'un 6l6ment d'6chan-
14. El6ment d'dchangeur de chaleur solon la re- gour de chaleur solon la
revendication 1, dans     vendication 12, dens loquel les tubes flexibles
loquel les spirales sont enroul6es alternative-    sont faets on
poly6thylene. ment dans le sons des aiguilles d'une montre  30 et dans le
sons inverse, at arrangdes on paire  15. Element d'6changeur de chaleur
salon la re- l'une au-dessus de l'autre.                        vendication
12, dans loquel les barres d'espa- cement s'dtendent radialement par
rapport a &  Proc6de de fabrication d'un 6ldment d'tchan-        chaque
spirale. geur de chaleur solon la revendication 7, danes   35 lequel les
extremit~s int6rieures de chaque     16. El6ment d'echangeur de chaleur
solon la re- paire de spirales sont connect6es ensemble         vendication
12, dans loquel les barres d'espa- (21), l'extrtmit4 exterieure de la
spirale infe-   cement sont entaill6es le long de lour longuour rioure est
connoctfe au collecteur d'entroe et     avec des encoches (8) d'une
dimension cor- I'extr6mit6 ext6rieure de la spirale sup~rieure  40
respondant au diambtre exterieur des tubes. est connectde au collectour de
sortie. 17. Eldment d'6changeur de chalour solon la re- 9. Procedd  de
fabrication d'un element d'6chan-       vendication 12, dans loquel une
barre de for- gour de chalour solon la revendication 7, dans     moture
(11) viont on prise avoc le dessus de loquel le tubage de chaque spirale
d'une paire  45  chaque barre d'espacoment et empeche les est coup6 le long
de sa longuour pour former       tubes de so disloquer. une partle
interieure et une partie exterieure de chaque spirale; ot les parties
int6rioures et les  18 El6ment d'echangeur de chaleur solon la re- parties
exttrieures de chaque paire sont           vendication 12, dans lsquel la
section transver- connect6es dans des circuits s6pares.      50    sale de
chaque barre d'espacement est 6va- s6e pour produire une surface de fond de
10. Proc6d6 de fabrication d'6changeur de chaleur      grande superficie.
compronant les 6tapes de: a) fabriquer un element d'echangeur de       19.
Eldment d'echangeur de chaleur solon la re- chalour solon l'une quolconque
des revendi-  55 vendication 12, dans lequel l'el6ment est sup- cations
pr~ctdentes, placer ledit dl6ment        porte sur une premiere plate-forme
rigide (16), dans un raservoir (40) et ensuite le fixer au    et des tiges
verticales (17) s'6tendent a partir reservoir.
de et autour du bord de la premiere plate- 12    23                 EP 0
485 373 B1                     24 forms et so connectent avec une seconds
pla-         revendications 12 A 25. to-forms rigide (26), placeo au-dessus
de l'414- ment pour creer une cage rigide contenant les    27. Echangeur de
chalsur selon la revendication tubes flexibles.
26, dans lequol le rdservoir ost de construction 



5       rigide. \   20. Eldment d'echangeur de chalsur selon la re-
vendication 12, dans loquol les collecteurs      2& Echangeur de chaleur
selon la revendication d'entrde (23) et de sortie (24) sont disposds
26, dans loquel le rdservoir comporto des pa- verticalement vers le haut
sur le cote de l'616-     rois paralleles (41, 42). ment.
10 29. Echangeur de chaleur selon la revendication 21. Element d'dchangeur
de chaleur selon la re-         26, dans loquol le reservoir est rtalis4 on
fibre vendication 12, dans lequel les spirales (27,        de verre. 29)
sont enrouldes alternativement dans le ssns des aiguilles d'une montre et
dans le  15   30. Echangeur de chalbur selon la revendication sens inverse
et arrang6es en pair l'une au-        26, dans loquel l'4lment est flxd au
fond du dessus de l'autre.                                  reservoir. 22.
El6ment d'echangeur de chaleur selon la re- vendication 21, dans lequel les
sxtrdmitds inte-  20 rioures de chaque paire sont connectees en- semble,
I'extremite exterioure de la spirals in- f6rieure eat connectdo au
collecteur d'entroe, et l'extrtmit6 exterioure de la spirals superieu- re
est connectdo au collecteur de sortie.   25 23. Element d'dchangeur de
chaleur solon la re- vendication 21, dans lequel le tubage de cha- quo
spirals d'une pairs est coupee le long de sa longusur pour former une
partie interieure  30 et une partle extdrisure de chaque spirals. 24.
El6ment d'echangeur de chaleur selon la re- vendication 23, dans loquel les
extrdmitds inte- rioures des parties exterieures de la pairs de   35
spirals sont connectees ensemble (21), 1'extr6- mite exterieure (22) de la
partle extdrieure de la spirals inferieure est connectee au collecteur
d'entree (23) et l'extrdmit6 ext6rieure de la partie extbrieure de la
spirals supdrioure (29')  40 est connectde au collecteur de sortie (24) ;
les extrdmit~s int6rieures des parties interioures de la pairs de spirals
sont connect~es ensem- ble (31, 32), I'extremite exterieure de la partie
interieure de la spirals superieure (29") est  45 connectee au collecteur
d'entr6e et l'extr6mite exterioure (33) de la partie int6rioure de la
spirals infdrieure est connectee au collecteur de sortie. 50 25. Eldment
d'echangeur de chalsur selon l'une quelconque des revendications 12 a 24,
com- prenant on outre un 6l6ment de chauflage au- tour de la p~riphdrie. 55
26- Echangeur de chaleur comprenant un r6servoir (40) dans loquel est fixe
un el6ment d'echan- gour de chaleur selon I'une quelconque des 13    


