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t he | presestiinventiosf e problen esntaedi taa hnuted flow velocity between the sheets. The
limitation lies in the fact that input and output chaanels in each corner are tight in account
of the geometry, and the media must make a sharp 90° turn with resulting fall in pressure.
- It therefore is this geometrical matters and not the flow velocity in the exchanger which
+ 25 provides the limitation for an acceptable pressure fall.
The flow velocity along the exchange element is decisive for the heat transfer
between the medium and the area’s a-value, and is applied in turbulent flowing of water
in calculation of the a-value as a factor of for example 1 at 1 m/sec and 1.8 at 2 m/s.
Previous heat exchangers are known, where each sheet is folded in zigzag form
30 such as it on each side is formed channels through which the actual media circulate, see
for example US 1 601 637, EP 0 197 169 and SE 362 137. Common for all these is that
they have.channel profiles that do not combine necessary area density with a structural,
strength to permit the use of thin sheets, and such natrow channels that the flow velocity
will be high enough. This is relatively fatal because the low heat transfer will demand a
35 Iarger exchanger, which will mean still lower flow velocity.
Principles for distillation at recompression of steam are known. Fig. 7 shows for
example a chamber 18 which is divided with a dividing wall 19, in which there is a liquid
20 which is heated to the boiling point. The steam 21 from the liquid are sucked into a
fan or compressor 22 and are pressed from this one into a room under the dividing wall
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then give a Sy tic _bord 25 valu owhrghthekvalue may be.
Wth & \;@pt E@gllle%‘?{# éu@‘h é?keaE]queﬁEfQ ge tively high al-value for

condensat i OExc&r‘Ifitefdtqbat&ﬂMtéﬂs e dighed dueh, bestotiichgittirddséors naabe tHeak-
Wth %a{] & gvﬂtl be determined by:
20 k=1/(1/al +s/A + 1/a2)
where a1 = heat transfer on the condensation side, a2 = heat transfer on the evaporation
side, s = sheet thickness and A is equal to the sheet material’s heat transfer coefficient
period. '
The lowest value of one of the a-values will then give an asymptotic border
‘25 value for how high the k-value may be.
With a vertical surface one can achieve a relatively high al-value for
condensation. The value will be higher the less height the surface has. With a height of
50 mm, the a-value 1s of approx. 13 500 W/m? °C.
However, it is the o2-value on the evaporation side which definitely is the
30 Iimiting factor at such low temperature differences which can be achieved here. The case
is that the temperature difference between the surface and the boiling point minimum
- miust be 7 °C before the water will boil with bubble from the heating surface. With this
fempcrature difference, the water evaporates by the fact that it forms small steam bubbles
in the water itself. This form for boiling is called convection boiling because the heat
35 transfer takes place by convection period.
With convection boiling with a temperature difference of 3,5 °C, one can not
obtain a higher a2-value than about 1 800 W/m? °C. The k-value will therefore be so low
that distillation of water at the above pressure and temperature will require 8,8 m/kg
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Fig. 1 of the drawings shows a perspective view of a heat exchanger element
according to the invention, fig. 2 shows the exchanger element on fig. 1 placed in a
exchanger housing, fig. 3 shows a view of the invention used. in an air/liquid heat
exchanger, fig. 4 shows a section of the heat exchanger of fig. 3, fig. 5 shows
schematically the first stage for production of the heat exchanger element according to the
invention, fig. 6 shows the second stage for production, fig. 7 shows schematically the
principle for the process and fig. 8 shows schematically a heat exchanger element with plane
canals and element walls. _

The principle for the heat exchanger is shown in fig. 8. The sheet is here folded
{ogether into slits with the width 24 and the height 25, where the water appears in the slits that
are open to the top, and the condensing steam appears in the slits that are open towards
the underside.

it is apparent, that when the slit 24 gets narrower, will the actual heat flux q
(W/m?) radiate a decreasing amount of heat, and a density of the steam bubbles increases. At
a certain border the steam bubbles will start to combine to bigger bubbles. This will set the
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along the surfaces. Trials have shown that, with water at 100 'C and a slit
with of 1,5-2 mm is this border at a tenperature difference of only 1,8-2
"C, and the a-value is increased from aboutl 800 WM *C to 18500 WM OC
on th e evaporation side. This is about at a | evel that can be achi eved by
ordinary fast boiling with a tenperature difference of about 18 'C 21 MAR
2005 WO 02/ 25198 PCT/ NOOL/ 00386 4 or with fil mevaporation, which is often
used in the above nentioned industrial drying plants. It has been found
that optimal results are achieved one the when the width of the, slits 24
for the fluid flow canals on either side of the thin, folded sheet materi al
| and the 5 slit depth 25 in the slits are in a certain ratio to each
other and to the sheet thickness. Thus the ratio between the slit wdth 24
and the slit depth 25 should be less than 0.15 tines the thickness of the
sheet material. The height of the folds nmust be limted both to avoid
getting too high counter pressure in the steamand so that the condensate
on the underside should have a short runoff distance period. A height h =
50 nm seens to give an opti nal
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but at the same time does not hinder access for cleanmg or closcs or e ow through of
20 the media, as shown schematically on fig. 1.

To isolate the two media sides from each other, the slits in the exchanger element
must be closed at the ends. In many applications this can easily be done by moulding the
ends together in a suitable material.

The ends may also be closed by welding the slits together Another solution is to

25 press a lid of for example rubber against the ends.

With its high compactness and direct access from both sides for cleaning, is the
heat exchanger well suited as a general heat exchanger, for example as 2 motor cooler.
Also in this case will the narrow slits give a special thermal effect. A through flow of
liquid will result in that the heat transfer increases with the flow velocity period. When

30 the slit is narrow, the turbulence near the surface is higher than with a broad slit or a pipe,
even if the mean flow velocity is the same.

The exchanger element is in this application capsulated into mantel hafves
equipped with respective input and output at the ends.

The problem may be exemplified with a motor cooler where the temperature is to

35 be lowered about 5 to 8 °C. With a canal height of 50 mm , the canal width must not be
~ more than 1.5 to 2 mm wide in order to achieve a velocity of 1.5 to 1.8 m/s. This requires
a minimal pressure difference for a thin sheet to buckle, and thereby reduce or close the

canals on the opposite side.
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‘25 The invention has some of its foundation in the need for an effective and
reasonable combined condenser and evaporator for distillation at the recompression of
steam period. One such distillation apparatus is in reality a heat pump where steam from
the evaporation side is sucked into a fan and pressed by this one into the condenser side .
where it on account of the increased pressure condensers at a temperature which is hi

30 than the evaporation temperature. Thereby the condensation heat is transferred to the
evaporation side such that a corresponding new amount of liquid will be evaporated. On
this way the heat energy is recirculated internally.

On for example ships are used distillation apparatus, so called evaporators, to
produce fresh water from sea water. These use excess heat from the motors as the source

35 of energy in a special boiler, and have a special condenser which is cooled with sea

watet.

The evaporation of sea water has, however, great problems with the arrival at
solutions which give a satisfactory heat transfer at the same time as they keep clean.
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At boiling in the distillation apparatus with the recompressing of the steam, the
temperature difference will, because of the power consumption of the fan, be less than
1.5 K, that means that the boiling happens by convection, and the steam bubbles -are
25 formed in the water and not on the heat exchanger’s surface. Salts and dry materials will
then follow the steamn bubbles up to the surface and follow the excess water out. To hold
the concentration down, it is, as in conventional evaporators, applied about twice as much
feed water as the produced amount of distiliate.
With a temperature difference of 1.5 K, vary low o-value is achieved for the heat
s transfer, about 1.5 — 1.8 kV/m’K. This is so low that it in practice cannot be applied
because the heat exchanger surface will have to be enormous. It has been shown that the
o-value ¢an be increased substantially by using forced circulation, for example a stitring
device.
The heat exchanger according to the present invention distinguishes itself by a
35 Very simpie construction, low use of material, very good heat transfer values and grate
usefulness within a number of areas.
In the heat exchanger according to the invention, the canals will contain a modest
demand of water compared to the large surface which surrounds the water. Even if the
specific heating load W/m? is very low, it will be produced relatively large amount of
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20 with it water, such as a substantial recirculation occurs.
It has been shown that the powerful turbulence keeps the evaporation side clean,
and no scaling has been observed over a period of time.
At the above mention temperatures, the steam pressure from the fan corresponds
to about 1.5 mVs, and it is naturally also with this application mecessary with the
‘25 structural strength given by the curves in the canals. On account of the aggressiveness for
“the boiling sea water is titan the only useful material, but it is expensive and conducts
 heat pootly. This is also important moments for making the sheet as thin as possible, and
the mechanical strength must be taken care of by the structural construction.
Since the exchanger element according to the invention is formed by a long sheet
3 which is folded, the element is well suited for continual automatically controlled machine
production.
For this it has been developed a special method that makes such production .
possible, where the sheet passes through two machine stations.
In the station in fig. 5 the sheet is first sharply bent to a step form with two 90°
35 bends, by a tool knife 7. The tool knife 8 and the tool knife 9 descend simultaneously,
and form the sheet between the previous bend, either by forming this in curves as shown
in fig. 1 and 2, or corrugating this on a different way, for example parallel, as shown in
fig. 8. The knives 8 and 9 at the same times make the bending angles sharper. All the tool
knives 7, 8 and 9 press down against the stationary forming block 10 with the
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15 with reducing bending radius. Wth the special hinging of the pressure
plates 12 and 14, it is achieved a pressing force which is

proportional with tangent to the pressure plate's angel. é?§b®£§%e2gg5ce
approaches an infinity as the angel and notion approaches zero. The
stations are preferably placed in lirfe and work synchronously. 21 MAR 2005
9 Patent Clains 1. Elenent for heat exchangi ng between fl uids,
characterized in that the fluids flow canals consist of slits on either
side of a thin, folded sheet material and that the ratio between the
canals' slit width and depth in the slits is less than 0.15 tines the

t hi ckness of the sheet material. ZEﬁEEEEﬁdEEEHEniding to the preceding
claim characterized in that the elenent's walls in section is formed as
equal |y curved surfaces, for exanple as gartral circles or ot shapfs of
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accordi u@he@heetenaqanelcedr ng claim characterized in letti ng a liquid on the
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that tReabdstcGv@n the heat exchanger S evapor atr on si de evapor ates. 6.
Distillation device including el enents accordi to cla

characterized i ¥ EJ%?”tlaﬁ%ore@glt‘?:E'al”héi chpractgri WJB?t t{mp@mqngs WPl\ﬁ Hed with
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under waés ghepratiuned thdniumV\herefromthe condensat e can be tapped out at the

same time as ney Meﬂw% %f E§ap%?£’n5%8uiﬁ?n 5 hgat e?r&%%@?\%l?@leﬁrieq@;'according to the
preceding claim, characterized in letting a liquid on the heat exchanger's evaporation
side flow between the element's walls which are located so close with each other that it
because of the thereby increased heat transfer is achieved so large and increase in heat
transfer that the liquid on the heat exchanger's evaporation side evaporates.

6. Distillation device including elements according to claims 1-4, characterized in
that the device includes a chamber which is divided with a partition wall , whereof at least one
part consists of heat exchanger elements , that a fan or compressor is provided to suck the steam
from a liquid in the upper part of the chamber and to pressurize and transfer this under the dividing
wall , wherefrom the condensate can be tapped out at the same time as new liquid is applied to the
evaporation side. |



