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57 ABSTRACT 

A design of finned units, intended for example for 
thermal regenerators, heat exchangers or burners for 
liquid fuel. The finned units are manufactured by si 
multaneous spiral winding of a strip forming fins and a 
spacer element forming a distance between the fins. 
The spacer elements are wholly or partially removed 
when fixing elements have been introduced in a num 
ber of holes distributed about the circumference. The 
cross-sectional area of each fixing element is equal to 
or smaller than the cross-sectional area of the corre 
sponding holes in the fins. As a consequence thereof 
each fixing element prevents movement of the fins ex 
clusively in a plane perpendicular to said fixing ele 
et. 

17 Claims, 15 Drawing Figures 
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METHOD OF SPIRALLY WINDING STRP TO 

PRODUCE PINNED UNITS 

The present invention relates to a method for the 
manufacture of finned units by winding of an elon- 5 
gated, for example strip material, achieving radial dis 
tance between the individual turns of the winding form 
ing the fins, finned units manufactured according to the 
method and application of such finned units. 

It has been known previously that finned units can be 10 
manufactured in that a substantially flat strip is wound 
up at the same time as a corrugated strip, so that this 
corrugated strip serves as a spacer element between the 
different turns of the flat strip. It has also been pro 
posed previously that a finned unit can be manufac- 15 
tured in that a strip is wound up which is provided with 
spacer elements distributed over its length, for example 
in the form of prominences or projections on the strip. 

The present invention has the characteristics which 20 
will be apparent from the following main claim and 
subsidiary claims. 
Thus a finned unit is manufactured by winding of an 

elongated, for example strip material together with 
spacer elements so as to achieve a radial distance be- 25 
tween the individual turns in the finned unit formed, 
the turns of the winding being fixed by means of guide 
elements, for example consisting of guide pins or other 
fixing elements in the direction perpendicular to the 
guide pins. 30 
By application of the invention a finned unit of a strip 

material with small thickness can be manufactured, 
whereby the distance between the individual fins can 
be greater than, equal to or smaller than the thickness 
of the individual fins. The finned unit may be realized 35 
with great compactness, whilst it has great strength and 
dimensional rigidity, for example against compression 
in radial direction. By radial direction in this connec 
tion is meant a direction which is perpendicular to a 
tangent on the turn of the winding at a certain point. 
The turn of the winding at that point may be curved or 
flat. 
The advantages which are obtained by a constant ra 

dial distance between the fins can be extraordinarily 
great in thermodynamical and also other applications. 
If the finned unit is used in heat exchanger devices a 
low pressure drop and at the same time effective heat 
transfer can be achieved. The thermal conduction from 
fin to fin, accordingly in radial direction of a near 
circular spiral, can be made very small compared with 
the thermal conduction within a finned unit con 
structed with the help of corrugated strip, since here a 
large contact surface exists between the strips. It is thus 
possible by application of the invention to construct 
heat exchangers with a minimum radial conduction of 
heat through the strip material and guide elements, 
which can be of great value for example in cryo 
technique, hot-gas engine technique. 
As a consequence of the fact that the finned unit can 

be manufactured with extremely small and at the same 
time constant distance between certain fins, whilst be 
tween other fins a different, for example greater, con 
stant distance can be achieved, a finned unit in accor 
dance with the invention can be utilized for the manu 
facture of a burner for liquid fuel, the latter being 
sucked in by capillary action between the individual 
fins, whereupon it is evaporated and burnt. Hereby it 
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2 
is possible for the oxidizer to flow in through one side 
of the finned unit. For such applications it may be ap 
propriate partly to fill the space between certain of the 
fins with a fine-mesh net or other comparable elements 
for facilitating capillary pumping of the liquid fuel. 
The invention is described in the following in connec 

tion with the enclosed drawing, where FIG. 1 shows in 
a sideview how a strip material and a spacer element 
are wound up, FIG. 2 shows the same in axial section, 
FIG. 3 shows an axial section through a finished finned 
unit and FIG. 4 such a finned unit in plan view. FIGS. 
5 - 15 show different realizations of the finned unit in 
connection with the application of such finned units in 
various technical fields. 
As can be seen from FIG. 1 a strip material 2 is 

wound up on a core 1, which is driven by a motor not 
shown on the drawing, and at the same time with it a 
spacer element 3. This spacer element, as is apparent 
from FIG. 2, can be constituted of two wires 4 and 5. 
These may, as in the embodiment shown, be placed 
during the winding up so that they come to lie near the 
edges of the strip material 2, but they may also, for 
other applications, be placed farther away from the 
edge. For the guiding of the strip material 2 during the 
winding up fixing parts 6 and 7 may be arranged on the 
core 1, between which the winding up takes place. 
When a sufficiently great number of turns of the strip 

material 2 has been wound up together with the spacer 
element 3, so that the desired dimension on the unit has 
been achieved, the turns of strip are fixed mutually by 
means of guide elements so that a constant distance be 
tween the individual turns is maintained and so that the 
turns offin are fixed against movement in tangential di 
rection, in the first place at the guide elements. This 
may be accomplished as shown in FIG. 2 in that a num 
ber of holes 8 are drilled radially into the unit. Into 
each hole is introduced a pin 9 which has such dimen 
sions in relation to the hole 8 in the strip, that the indi 
vidual strips cannot shift tangentially at the pin 9. If the 
different guide pins in the unit form angles with one an 
other a fixing in radial direction of the corresponding 
portion of the strip is achieved. Fixing in radial direc 
tion can also be accomplished by a connection between 
pin and strip by means of soldering, glueing or the like. 
Possibly the drilling can be done in such a manner that 
the holes are flanged, with each flange around a hole 
made in this manner abutting against the neighbouring 
turn of the strip material. In the case of this realization 
pins 9 may in certain cases be dispensed with. As is ap 
parent from FIG. 4 the fixing of the individual turns of 
this strip material can be done along a number of radial 
directions 10 - 15 distributed along the periphery, the 
number of such fixings depending on different factors 
such as the size of the finished finned unit, the thick 
ness of the strip material, the field of application of the 
finned unit etc. Other possible realizations of the guide 
elements will be apparent from the further embodi 
ments described in the following. 
After the fixing of the individual turns has been ac 

complished, the whole or part of the spacer elements 
3 may be removed, whereupon the finished finned unit 
in principle assumes the appearance as shown in FIGS. 
3 and 4. In the embodiment of the invention described 
here, when the spacer element 3 is formed by two wires 
4 and 5, which are wound up at the same time as the 
strip material 2, the removal of the spacer element can 
take place quite simply through pulling the wires out of 
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the unit after the two fixing parts 6 and 7 have been 
withdrawn. 
The desired mutual fixing of the fins can also be 

achieved by soldering of bands or wires transversely 
across the edges of the fins on one or both sides of the 
finned unit. It is also conceivable to accomplish the fix 
ing by deformation of the fin edges in the form of radial 
splines on both sides. 
The spacer elements which serve for maintaining a 

constant distance between the turns during the winding 
procedure and before the turns of fins have been fixed 
to one another, may consist, as previously mentioned, 
of wires which are wound up at the same time as the 
strip material. For certain fields of application the 
spacer elements may consist of a material which under 
the effect of heat, certain chemicals or in a similar man 
ner can dissolve, leaving behind the finned unit. It is 
also conceivable that the material in the fins themselves 
can have similar properties, in which case the finned 
unit can be utilized as a mould. The formation of dis 
tance between the different turns during the winding 
procedure itself can also be achieved by winding two or 
more strip materials onto the core at the same time, the 
strip materials having such a mutual axial displacement 
on the core that a certain overlapping takes place, so 
that consequently one strip material with its edge 
serves as a spacer element for the neighbouring strip 
material during the winding up procedure. After the 
mutual fixing of the turns mentioned earlier has been 
achieved, for example by means of the drilling of radial 
holes and insertion into these of pins, the different 
finned units are obtained quite simply by separating the 
different windings from one another in axial direction. 

FIG. 5 shows a number of finned units of the type 
previously described which have been combined to a 
thermal regenerator which may be used for example in 
a hot-gas engine or a refrigerating machine. In the lat 
ter case use is made of gas expansion with thermal re 
generation. As is apparent from the figure a number of 
finned units 16, 17, 18, 19, 20 are arranged following 
one another in axial direction, consequently with a 
common axis 21. The finned units are arranged follow 
ing one another with a comparatively small axial sepa 
ration. As in the embodiment described earlier each 
finned unit is provided with a number of guide pins 9. 
A gaseous medium can be made to flow through the 
finned unit in axial direction and in alternating direc 
tions, that is to and fro, the gas pressure being variable 
according to a specified scheme, accomplished for ex 
ample by means of a reciprocating piston. During the 
pulsating flow the gas exchanges heat with the matrix 
constituted by the finned units, whereby at the flow of 
the gas in one direction heat is given off from the ma 
trix to the gas and at the flow of the gas in the opposite 
direction heat is given off from the gas to the matrix. 
In this application it is significant that the radial as well 
as the axial heat conduction is small so that the effi 
ciency of the regeneration should remain high. By mak 
ing use of the finned unit according to the invention 
this condition can be fulfilled. The finned unit can be 
formed of metal strip, whereby the separation in axial 
direction between neighbouring finned units can be ap 
preciably less than the width in axial direction of the 
finned unit. For example at a width of the finned unit 
equal to 3 mm the separation between neighbouring 
finned units may be 0.2 mm. The axial separation be 

4 
tween the individual finned units in the matrix may be 
accomplished by means of plastic nets or spacer ele 
ments not shown in the figure with low thermal conduc 
tivity, which have small contact surface with the finned 
units. 

In the embodiments described until now it has been 
assumed that a sole strip material is wound up together 
with the spacer element to form a finned unit. A 
quicker construction of the finned unit can be achieved 
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by simultaneous winding up of two or more strip mate 
rials together with the corresponding number of spaced 
elements. Finned units manufactured in this manner 
may be utilized in various manners, and in the following 
some possible fields of application will be described. 
FIG. 6 shows a finned unit which can be utilized as 

a heat exchanger between two media. The finned unit 
has been formed by simultaneous winding up of two 
strip materials together with the corresponding number 
of spacer elements, so that constant distance is ob 
tained between the individual turns. Subsequently in 
the previously described manner guide pins 23 and 24 
were fitted so as to produce the aforementioned fixing 
of the individual fin turns. Finally the spacer elements 
between every other turn have been removed leaving 
behind the spacer elements 25 and 26 between the 
other turns. As a result ducts 27 running in axial direc 
tion were obtained and a spiral-shaped duct 28 running 
in tangential direction. One of the two media, here des 
ignated by A, flows axially through every other fin gap, 
whilst the other medium, here deisgnated by B flows in 
the other gap in a spiral-shaped track. The remaining 
spacer elements 25, 26 may be sealed in a suitable man 
ner against the strip material. Depending on the mate 
rial used for the strips and for the spacer elements such 
a seal can be made by means of soldering, cementing 
or in some other manner. 
FIG. 7 shows likewise a heat exchanger between two 

media, and in this case the medium B enters radially 
through a pipe 29 and is distributed from this pipe to 
the different fin ducts 30. In these ducts the medium 
flows a half turn to a second pipe, not shown on the 
drawing, which serves as a manifold. It is assumed that 
the medium A flows forward in axial direction through 
the finned unit. This said pipe 29 may also serve as a 
guide element for the fixing of the mutual position of 
the turns. The pipe 29 and the corresponding pipe on 
the other side of the finned unit may from the start be 
made of sintered pipes or bars which are inserted in the 
drilled holes in the finned unit. Subsequently the spacer 
elements between every other strip are removed 
whereupon the sintered pipe or bar is sealed on the out 
side by soldering, glueing, dipping in a metal bath etc. 
whereby at the same time the fin ducts 30 for medium 
B can be sealed. 
FIG. 8 shows a section through the finned unit ac 

cording to FIG. 7 in a projection which is perpendicular 
in relation to FIG. 7. As is apparent from the drawing, 
the spacer elements 25, 26 have been left behind in the 
finned unit and it is assumed that these spacer elements 
have been sealed in a suitable manner against the fins 
so that closed ducts 30 are formed. As indicated by the 
short lines 31 these ducts are in communication with 
the interior of the pipe 29, whilst the other part of the 
pipe 29 have been sealed in the manner described pre 
viously. 

FIG. 9 shows a finned unit realized in accordance 
with the invention used as a heat exchanger according 
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to the counterflow principle, where two media A and 
B flow through the finned unit in opposite spiral direc 
tions. In this case three spacer elements 32, 33 and 34 
were inserted between two neighbouring turns of the 
strip material and these spacer elements are left behind 
in the finished finned unit. As a result two spiral-shaped 
ducts are formed which are located next to one another 
in axial direction. Every other gap between the fins is 
open, and this has been accomplished as before by the 
corresponding spacer elements having been removed, 
and these gaps act as an insulation between fins sepa 
rated in axial direction. The guide pins are suitably 
made of material with low coefficient of thermal con 
ductivity. In the types of heat exchangers described 
here the heat exchange takes place between media A 
and B by heat conduction in axial direction of the 
finned unit. 
FIG. 10 shows a finned unit realized in accordance 

with the invention which acts as a heat exchanger, 
where the heat exchanger takes place in radial direc 
tion. The finned unit has been manufactured by simul 
taneous winding of three strip materials together with 
the corresponding number of space elements. The 
spacer elements in every third gap have been removed, 
so that this gap stays open and serves as an insulating 
gap. The effectiveness of the insulation can be in 
creased by filling this gap with insulating material or by 
evacuating it. Between the other fins, spiral-shaped 
ducts 36,37 are formed which each conduct their par 
ticular medium in opposite spiral-shaped tracks. An ar 
rangement of this kind can be used advantageously as 
a counterflow heat exchanger in cryo-technical appli 
cations in which the thermal flux by conduction in the 
solid material from the hot to the cold side has to be 
kept to a minimum value. 
FIG. 11 and FIG. 12 shows a finned unit which is 

given such a shape that it can serve as a burner for the 
combustion of a liquid fuel with a gaseous oxidizer, for 
example air. The finned unit has been formed by simul 
taneous winding up of two strip materials together with 
the corresponding number of spacer elements, whereby 
the spacer elements between every other turn have 
been removed, after the fixing of the fins, as described 
previously, has been performed. As a result ducts 38 
running in axial direction have been formed through 
which air can be introduced under pressure. As is 
shown in FIG. 12, the liquid fuel is introduced through 
a fuel pipe 39 which in the manner described previ 
ously is in communication with the gaps 40, which are 
located between the gaps 38. By means of capillary 
pumping the fuel is sucked into the gaps 40, and these 
may possibly besides contain a metal net 41, by virtue 
of which this capillary pumping is facilitated. The burnt 
gases are removed in the direction of the arrows 42 in 
FIG. 11. Owing to heat conduction from the parts of 
the finned unit which are nearest to the burnt gases the 
fuel is evaporated in the higher portions of the fuel gaps 
40 and flows together with air into the combustion 
zone. This effect, as indicated in FIG. 11, can be sup 
ported in that certain fins are given a greater width in 
the direction towards the combustion zone. This burner 
gives an effective mixture of the fuel with air, complete 
combustion, a short burner in axial direction and great 
radial spread of the flame surface, all of which makes 
the burner very suitable for hot-gas engines, Rankin en 
gines etc. 
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6 
The strip which forms the fins in the burner accord 

ing to FIG. 11 and 12 may be formed in a known man 
ner so that the desired flame supporting properties are 
obtained, for example with protuberances, certain 
knurling or fluting, boring etc. Furthermore it is con 
ceivable that the fuel pipe 39 (or the fuel pipes) can 
function at the same time as guide element correspond 
ing to the guide pins 9. The fuel feed may take place by 
capillary pumping from the centre of the finned unit, by 
pressure in separate conduits which lead to a number 
of feed points of various radii in the finned unit or by 
single filling of the capillaries. 
FIGS. 13, 14 and 15 show by way of examples three 

possible variants of the burner. In the design according 
to FIG. 13 the capillary pumping of the fuel takes place 
without utilizing a metal net inserted in the gaps 40. In 
the design according to FIG. 13 furthermore a spacer 
element 43 has been left behind, so that the gaps 40 are 
closed in the direction towards the incoming air and 
open in the direction towards the combustion zone. 

In the design according to FIG. 14, after the insertion 
of guide pins in the manner described previously, all 
spacer elements have been removed. On the other hand 
a metal net has been inserted in the ducts 40 in connec 
tion with the winding of the finned unit, which facili 
tates the capillary pumping. 

In the design according to FIG. 15 the spacer ele 
ments 44 have been left behind so that the gaps 40 are 
open in the direction towards the incoming air. These 
gaps can moreover, as indicated in the figure, be filled 
with a metal net. 

In the preceding text a number of different fields of 
application for finned units in accordance with the in 
vention have been described. Further scopes of appli 
cation are conceivable, such as directional elements for 
a gas or liquid flow, for example in wind tunnels, where 
a number of finned units may be used for changing the 
direction of a gas flow in a corner. The finned unit can 
also be used for the laminarisation of a flow, for rapid 
heating or rapid cooling of gases or liquids, where the 
strip in the finned unit can be heated by an electric cur 
ret. 

A further field of application for finned units realized 
in accordance with the invention is the storage of ther 
mal energy whereby owing to insignificant radial heat 
conduction the losses are small, the generation of ultra 
strong magnetic fields in that a pulsating electric cur 
rent can be made to flow through the strip material 
wound in spirals. A finned unit formed by the simulta 
neous winding up of two strip materials can, after the 
spacer element has been removed, serve in electrical 
circuits as a capacitance, as a transformer or voltage 
transformer in general, with the possibility of air or liq 
uid cooling in the gaps. 
The finned unit in accordance with the invention can 

also be used in silencers. 
The invention and its applications are not limited by 

the embodiments described here by various modifica 
tions are conceivable within the framework of the fol 
lowing claims. Thus the elongated material which is 
wound up at the same time as the spacer elements need 
not be a flat strip but can have any cross-section. 
Furthermore the finned unit may be given a shape 

differing from a circular spiral when it is wound up, 
such as a triangular, square or rectangular spiral, and 
finned units shaped in another manner may be formed 
by a combination of finned units shaped in various 
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manners so that a configuration of the finned unit 
adapted to a certain purpose is obtained. 
What is claimed is: 
1. In a method for manufacture of finned units com 

prising simultaneously spirally winding at least one fin 
forming strip and at least one spacer element such that 
the spacer element spaces adjacent turns of the strip 
radially, the improvement comprising securing the 
turns of the winding in this radially spaced relationship 
by passing elongate fixing elements through a number 
of radially aligned holes in the turns of said strip at plu 
ral locations about the circumference of the spirally 
wound strip, the cross sectional area of each fixing ele 
ment within a range encompassing several successive 
strip turns being not greater than the cross-sectional 
area of the corresponding holes in the strip such that 
each fixing element prevents movement of the strip 
turns exclusively in a plane perpendicular to the fixing 
element, and removing at least part of said spacer ele 
ment from between at least some of the adjacent turns 
of the strip. 

2. Method as claim in claim 1 wherein the cross 
sectional area of each fixing element within a range en 
compassing several successive strip turns is less than 
the cross-sectional area of the corresponding holes in 
the strip. 

3. Method as claimed in claim 1 wherein enough of 
the spacer element is removed to provide axially open 
passages between some of the turns. 
4. Method as claimed in claim 3 wherein at least two 

fin-forming strips and a corresponding number of 
spacer elements are wound about the same center at 
the same time and in the same radial plane, and at least 
one of said spacer elements is removed and one is re 
tained. 

5. Method as claimed in claim 4 wherein the spacer 
elements between every second turn are removed, the 
spacer elements between the other turns being retained 
in position. 

6. Method as claimed in claim 5 wherein the retained 
spacer elements are axially spaced from each other in 
said other turns so as to form flow paths therein trans 
verse to the axial flow paths formed by removal of said 
every second turn. 
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8 
7. Method as claimed in claim 6 further comprising 

communicating the flow paths defined by the retained 
spacer elements with at least one radial pipe. 

8. Method as claimed in claim 4 wherein the retained 
spacer element comprises at least two axially spaced 
spacer elements forming between them a flow passage. 

9. Method as claimed in claim 8 wherein the retained 
spacer element comprises at least three axially spaced 
spacer elements forming between them at least two axi 
ally separated flow paths. 

10. Method as claimed in claim 4 wherein three fin 
forming strips and three spacer elements are wound 
about the same center at the same time and in the same 
radial plane, and one of said spacer elements is re 
moved and the other two are retained, the retained 
spacer elements each comprising two axially spaced 
spacer elements defining between them a flow path. 

11. Method as claimed in claim 5 wherein the turns 
from which the spacer element is removed are open for 
fluid flow axially therethrough and the turns in which 
the spacer element is retained are communicated with 
a liquid fuel supply. 

12. Method as claimed in claim 11 wherein capillary 
pumping means are provided in the turns which are 
communicated with a liquid fuel supply. 

13. Method as claimed in claim 1 wherein at least two 
fin-forming strips are wound up at the same time about 
substantially the same center in different axial planes 
but with mutual overlapping relationship such that one 
strip serves as a spacer element for the adjacent strip. 

14. Method as claimed in claim 1 comprising arrang 
ing a plurality of the finned units axially adjacent each 
other. 

15. Method as claimed in claim 14 wherein the adja 
cent units are axially separated by appreciably less than 
the axial width of the individual units. 

16. Method as claimed in claim 1 wherein said spacer 
element is in the form of a wire. 

17. Method as claimed in claim 1 wherein at least two 
axially spaced spacer elements are wound with the fin 
forming strip. 

k k k 
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