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AN EVAPORATOR UNIT AND SYSTEM COMPRISING THE SAME,
INTENDED FOR AIR VENTILATION SYSTEMS

Field of the invention

The present invention relates to an evaporator unit and energy
recovery system for air ventilation systems.

Technical Background

Industries have high demands on purifying the exhaust air from
hazardous gases and materials containing in the air. It is also difficult to
recover energy from the exhaust air in an industry or e.g. in a stable for birds,
pigs, cows etc. The need for recover energy in the industry or stables etc. is
great today. This is because the energy costs, e.g. for heating for the birds
are very high. The ventilation in a stable is necessary so that the animals do
not get hurt or die (common among birds). The same applies to industries. In
industries there is a need to vent and draw out dangerous gases. Recovering
energy from the exhaust air is not common as there are problems with
aggressive gases, deposits on the materials and clogged heat exchangers.
Many stables and industries today have high energy costs and must find
solutions to reduce these. The reason why exhaust air is not recycled in
stables and industries today is the problems with deposits and harmful gases.

Moreover, different types of air ventilation systems exist on the market
today. The present invention is directed to providing a new type of system
which aims at both providing an improved air purification as well as an
increased energy efficiency with respect to heat exchanging and thus energy
needed for air ventilation systems.

Summary of the invention

The stated purpose above is achieved by an evaporator unit intended
for air ventilation systems, said evaporator unit comprising
- a sub-cooler chamber arranged to hold cooling medium in liquid form;
- a collection tube arranged in connection to the sub-cooler chamber and
arranged for receiving cooling medium in a subcooled liquid form from the
sub-cooler chamber, arranged to provide for a first sub-cooling in the

evaporator unit;
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- multiple connection tubes extending along an air cooling surface of the

evaporator unit and to their releasing ends, wherein the cooling medium
transfers from a subcooled liquid phase to a gaseous phase along the
multiple capillary tubes via desublimation on an outside of the multiple
connection tubes, arranged to provide for a second sub-cooling in the
evaporator unit;

- areleasing tube connected to the releasing ends of the multiple connection
tubes, said releasing tube arranged to flow the cooling medium in overheated
gaseous phase to a compressor of an energy recover system of an air
ventilation system; and

- multiple capillary tubes arranged with receiving ends inside of the collection
tube, said multiple capillary tubes extending to or into a portion of the
connection tubes.

As said above, the evaporator unit according to the present invention
provides an improved purification of the air as well as energy efficiency for a
ventilation system. This is obtained by capturing particles, dirt and
contaminants in the air. The concept of the present invention, and thus
technical foundation for energy recovery is further explained below.

The concept of the present invention comprises three individual units
working together. These are:

1. A wire heat exchanger unit, as part of the evaporator unit, with
vertical tubes and direct expansion creating desublimation in the
tubes/threads, which causes water in gaseous form to penetrate through any
deposits and toward the pipe and turn into solid form. The water expands
(about 9%) when it transitions to solid form/ice with a force of about
2000kg/cm?, and the expansion and force “blasts” away the layers stuck to
the pipes.

2. A specially adapted capillary tube throttling with subcooling is
connected to the chamber in the lower part of the evaporator unit. This is to
create a subcooled liquid before it is led further into the pipes/threads.
Supercooled liquid is needed to get a fast process and reaction when liquid
goes through the second capillary tube into the exchanger. Here, a large

cooling effect is needed inside the pipe to create desublimation in the wire
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tubes of the evaporator unit. The wire tubes are in turn mounted in the

exhaust air.

3. An energy recovery machine, where an adapted compressor,
condenser and separator are equipped with a specially adapted electronic
control. Here it may also be said that this control unit is suitable also
controlling the defrosting operation mentioned below.

One function of the unit according to the present invention is releasing
a large amount of energy in a short time, which creates a directed cooling
effect towards the inside of the small wire tubes. Desublimation occurs, as
mentioned above. As a high cooling effect is quickly transported through the
material of the wire tubes, the conductivity is high, and this cooling effect is
useful on the outside of the wire tubes. Here, the cooling effect will convert
water in gaseous form to ice. If the high cooling effect is not achieved, water
in gaseous form will first change to liquid and settle on the deposits stuck to
the surface and then change to ice. For the purification to work, water in
gaseous form must diffuse through the deposits and stick to the surface of the
wire tubes in solid form. When this happens the water in gas form will change
in volume. This occurs against the surface of the wire tubes, and this will blast
away the deposits thereon as the water needs the place.

Each of the 3 units above are individually unique products for the
market and together they have a completely unique function and solution for
recycling and purifying exhaust air in industries, bathhouses, farms and
stables, etc.

The evaporator unit and air ventilation system according to the present
invention has a very high purification degree for air comprises particles. This
type of air exists in most places today, both public and industrial. Moreover, it
should be noted that ventilation systems used today is not adapted for
purification of air with a high content of particles. The evaporator unit and air
ventilation system are very suitable to handle such air types with a high
degree of purification of and energy recover efficiency.

Another advantage of the evaporator unit according to the present
invention is the fact that defrosting is simplified. Moreover, a defrosting

procedure of the unit according to the present invention can be performed
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when the evaporator unit is operating, and also in less than a couple of

minutes.
As should be clear from above, also means for defrosting is a relevant
part of a system according to the present invention.

Brief description of the drawings

In fig. 1 there is shown one embodiment of an evaporator unit
according to the present invention.

In fig. 2 there is shown another embodiment of an evaporator unit
according to the present invention.

In fig. 3 there is shown one embodiment of an evaporator unit
according to the present invention, seen in a cross sectional view.

In figs. 4a-4c¢ there are shown different embodiments for capillary tubes
arranged with receiving ends inside of the collection tube.

In fig. 4d there is shown one embodiment where the collection tube has
a triangular shape in the bottom thereof.

In fig. 5 there is shown a system according to one embodiment of the
present invention.

In figs. 6a and 6b there are shown the energy production (E+) / energy
consumption (E-) vs time for a system according to one embodiment of the
present invention and for a traditional system, respectively.

Specific embodiments of the invention

Below there is provided some specific embodiments of the present
invention.

According to one embodiment of the present invention, the sub-cooler
chamber is filled with the cooling medium in liquid form via a filling tube which
IS connected to a condenser unit of the energy recover system of the air
ventilation system.

As mentioned above, the sub-cooler chamber in itself provides
important functionality according to the present invention. Cooling medium
from the condenser is hot and needs to be cooled down. To create a fast
vaporization, the cooling medium is subcooled before direct expansion. By
flowing in the liquid cooling medium in an inflow tube arranged also inside of

the sub-cooler chamber this effect can be achieved. In the end of this inflow
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tube part of the liquid cooling medium is evaporated, which also creates a

cooling effect of the liquid cooling medium as such. Therefore, the liquid
cooling medium becomes its own cooler, and no other extra heat exchanger
IS needed.

Based on the above, according to one embodiment of the present
invention, the filling tube is a longitudinal tube ensuring that the cooling
medium is provided and held in a sub-cooled liquid form in the sub-cooler
chamber. The filling tube should be provided with a dimension small enough
to ensure for the vaporization mentioned above.

According to yet another embodiment, the filling tube is provided along
a substantial part of the inside of the sub-cooler chamber from one side to the
other, preferably arranged to release the cooling medium in subcooled form in
near proximity to one side of the sub-cooler chamber.

As should be understood from above, the system according to the
present invention provides throttling already at the inflow of liquid cooling
medium, that is when flown from the condenser. This ensures that the sub-
cooler chamber in fact contains a very cold liquid in the bottom of the sub-
cooler chamber.

Thereafter, a second throttling effect is obtained in the system from the
collection tube an up into the multiple capillary tubes. As said, the evaporator
unit according to the present invention comprises a collection tube arranged
in connection to the sub-cooler chamber, and arranged for receiving cooling
medium in a subcooled liquid form from the sub-cooler chamber. As may be
noted from the below, the sub-cooler chamber may be one and the same unit
as the collection tube, or one of them is a part of the other, or they may be
two different units being connected to each other.

Moreover, multiple capillary tubes are arranged with receiving ends
inside of the collection tube. According to one specific embodiment, the
multiple capillary tubes each provide a throttling in relation to the collection
tube. This is preferred to ensure an efficient desublimation where the cooling
medium transfers from a subcooled liquid phase to a gaseous phase along
the multiple capillary tubes along the air cooling surface of the evaporator

unit, to the releasing ends of the multiple capillary tubes.
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As should be understood from above, two different types of throttling

are obtained according to the present invention, and both provide important
functionality.

According to one embodiment, the receiving ends are arranged as
bents extending from the collection tube and into the connection tubes.
According to another embodiment, the receiving ends are arranged as tube-
in-tube arrangements from the collection tube and into the connection tubes.
According to yet another embodiment, the receiving ends are arranged with
less starting dimension when compared with the dimension of the connection
tubes. Different alternatives are provided in fig. 4b and 4c, respectively.
Others are of course possible according to the present invention.

As hinted above, according to one embodiment, the evaporator
comprises a valve for defrosting connected to the collection tube.

Moreover, capillary tubes are an important aspect of the present
invention. These are part of the evaporator unit according to the present
invention. Fact is that there may also be a capillary tube provided in an earlier
step. Therefore, according to one embodiment, the sub-cooler chamber
comprises at least one capillary tube for increased effect in the first sub-
cooling in the evaporator unit, preferably arranged in a recirculation loop also
comprising a valve for defrosting connected to the sub-cooler chamber and
thus collection tube.

Furthermore, the multiple capillary tubes ensure to capture sub-cooled
liquid cooling medium from the collection tube. The multiple capillary tubes
also ensure capturing of oil in the collection tube to avoid the formation of an
oil trap. This also ensures to maintain efficiency of the system according to
the present invention.

Moreover, the present invention also provides an energy recovery
system intended for air ventilation systems, said system comprising an
evaporator unit according to the present invention and an energy recovery
unit comprising a condenser unit and a compressor. A suitable separator is

also part of the energy recovery system.
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According to yet a further embodiment, the present invention provides

an air ventilation system comprising an energy recovery system according to
above and an air inlet and an air outlet.

Furthermore, the present invention also provides an air ventilation
system according to above, wherein the air ventilation system comprises a
particle recover unit for collection of particles falling down from an outside of
the connection tubes.

Moreover, the present invention is also directed to use of an air
ventilation system according to the present invention, for purification of an air
inlet flow so that particles and dirt in the inlet air flow is captured on the
outside of the connection tubes, preferably collected in a particle recover unit
after falling down from an outside of the connection tubes. In this regard it
may be mentioned that the system according to the present invention may be
used to purify ventilation air before this is blown off. Furthermore, the air inlet
flow to the system according to the present invention exhaust air from a
blowing fan.

Detailed description of the drawings

In fig. 1 there is shown one embodiment of an evaporator unit 1
according to the present invention. The evaporator unit 1 comprises a sub-
cooler chamber 15 arranged to hold cooling medium in liquid form. The sub-
cooler chamber 15 is in fluid connection to the collection tube 2. Moreover, in
this case the collection tube 2 is in a rectangular shape. As should be note,
also other shapes are possible, such also semicircular/circular and triangular,
that latter being shown in fig. 4d. The - multiple capillary tubes 13 are
arranged with receiving ends (31) inside of the collection tube (2) (see one
example in fig. 3). The multiple connection tubes 3 extend along an air
cooling surface of the evaporator unit 1 and to their releasing ends 32 (again,
see fig. 3). In this case, the releasing tube 4 is in the same type of shape as
the collection tube 2.

In fig. 2 there is shown another type of evaporator unit 1 according to
the present invention. In this case the collection tubes 2 and the releasing

tubes 4 are in circular shape.
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In fig. 3 there is shown one embodiment of an evaporator unit 1

according to the present invention, seen in a cross sectional view. Here one
type of multiple capillary tubes 13 are clearly shown, with receiving ends 31
inside of the collection tube 2. The connection tubes extend along an air
cooling surface of the evaporator unit 1 and to releasing ends 32 ending into
the releasing tube 4.

In figs. 4a-4c¢ there are shown different embodiments for capillary tubes
arranged with different types of receiving ends 31 inside of the collection tube.

Furthermore, in fig. 4d there is shown yet another embodiment
according to the present invention (see also in fig. 5). In this case, the
collection tube 2 has a triangular shape in the bottom thereof. The capillary
tube 13 shown has a receiving end 31 in the bottom of the collection tube 2.
Suitably, the receiving ends are more or less diagonally cut. Gas is collected
in the upper part of the collection tube 2 and subcooled liquid is provided to
the capillary tubes 31 in the V-shaped bottom of the collection tube 2. In line
with the above, according to one embodiment, the collection tube has a V-
shaped bottom and the receiving ends are arranged in close connection to
the V-shaped bottom of the collection tube, preferably with diagonally cut
receiving ends. As may be seen in fig. 4d, the capillary tubes 13 may extend
as straight projections.

As mentioned, the evaporator unit 1 according to the present invention
is intended for an energy recovery system intended for air ventilation
systems. Such an energy recovery system also comprises a condenser unit
where heat energy is obtained, and a compressor. Furthermore, the system
also comprises a separator unit.

In fig. 5 there is shown a system according to one embodiment of the
present invention, comprising an energy recovery system 100 according to
one embodiment of the present invention. As can be seen, the evaporator unit
1 is connected to sub-cooler chamber 15. The sub-cooler chamber 15 is
connected to the capillary tube 130. Furthermore, a throttling is provided from
the filling tube 40, which is connected with a condenser 50, and into the

capillary tube 130.
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The energy recover system 100 comprises compressor 60 and a water

loop (see also the pump 300) connected to the condenser 50, which suitably
is a tube condenser.

Moreover, there is also provided a valve for defrosting 80, suitably a
magnetic valve for defrosting, which is further discussed below.

In fig. 6a there is shown the energy production (E+) / energy
consumption (E-) vs time for a system according to one embodiment of the
present invention, and in fig. 6b there is shown the energy production (E+) /
energy consumption (E-) vs time for a traditional system.

One important function of the system according to the present
invention is the defrosting. As may be seen in fig. 5, a magnetic valve 80 is
arranged in the system, and coupled over said at least one capillary tube 130
for increased effect in the first sub-cooling in the evaporator unit 1. To ensure
that there is no expansion valve coupled to a receiver tank in the system is of
importance. This to ensure that the compressor 60 is not damaged.

The system according to the present invention is based on use of
capillary tubes and subcooling. This enables using a minimal amount of
cooling medium. Moreover, the defrosting is possible by use of a 2-way
magnetic valve.

When defrosting is performed, the circulation pump 300 over the
condenser unit 50 is stopped during a short time until the condensation
reaches 50°C. Thereafter, the 2-way magnetic valve 80 is opened and lets
hot gas and warm liquid pass through. This passes as bypass over the first
capillary tube 130 and then flows to the sub-cooler chamber 15 and is
distributed over the connection tubes 3 in the evaporator unit 1 by means of
the multiple capillary tubes 13. The temperature over the tubes in the
evaporator unit 1 should not pass 4°C, to ensure that the tubes can take up
energy and condensate from the ventilation air. The defrosting is performed
during suitably 1 — 3 minutes, and when the system is started up again, then
there is stored energy in the moisture on the connection tubes 3 and also
from the material within the tubes.

The low overheating over the evaporator unit 1 of around 0.2 — 1 Kelvin

(K) in the cooling medium cycle is important to obtain desublimation of water



WO 2025/144094 PCT/SE2024/051035

10

15

20

25

10
vapor over the entire outer surfaces of the connection tubes 3. The multiple

capillary tubes 13 provides for a “tube in tube” arrangement. This ensures an
even distribution over the surfaces of the multiple capillary tubes 13. The
multiple capillary tubes 13 also have the function to further sub-cool the liquid
(cooling medium) before it enters the connection tubes 3. The capillary tubes
13 also ensures to bring oil from the bottom of collection tube 2. This further
increases the efficiency of the system.

As may be seen in fig. 6a, the system never passes E = 0 and delivers
energy the entire way and retakes energy after the defrosting. This is a clear
difference when comparing with a traditional system shown in fig. 6b where
the energy passes E = 0 to the negative side, meaning that energy is
consumed from the heating system.

The entire system may be arranged in one single unit, such as in a box
unit, which is possible to install as one single unit. The system needs a waste
fluid for separation, electricity for controlling functions etc. and two heating
pipes, one for delivery and one return pipe.

Sizes and shapes of different units mentioned above may vary
depending on the intended effect, usage and place of use. Also the number of
multiple capillary tubes may vary depending on the intended effect and
usage. Several tube rows may also be arranged according to the present
invention.

Material of different components may be adapted based on the type of
air been purified, such as based on the aggressiveness of the content of the
air.

The cooling medium used may be such used standardized today, and
suitably adapted for gases and particles intended to be collected from the air,
e.g. ethanol, cooling oils etc. Moreover, on the heating side, water is suitably

used.
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Claims

1. An evaporator unit (1) intended for air ventilation systems, said evaporator
unit (1) comprising

- a sub-cooler chamber (15) arranged to hold cooling medium in liquid form;

- a collection tube (2) arranged in connection to the sub-cooler chamber (15)
and arranged for receiving cooling medium in a subcooled liquid form from
the sub-cooler chamber (15), arranged to provide for a first sub-cooling in the
evaporator unit (1);

- multiple connection tubes (3) extending along an air cooling surface of the
evaporator unit (1) and to their releasing ends (32), wherein the cooling
medium transfers from a subcooled liquid phase to a gaseous phase along
the multiple capillary tubes (3) via desublimation on an outside of the multiple
connection tubes (3), arranged to provide for a second sub-cooling in the
evaporator unit (1);

- areleasing tube (4) connected to the releasing ends (32) of the multiple
connection tubes (3), said releasing tube (4) arranged to flow the cooling
medium in overheated gaseous phase to a compressor (60) of an energy
recover system (100) of an air ventilation system; and

- multiple capillary tubes (13) arranged with receiving ends (31) inside of the
collection tube (2), said multiple capillary tubes (13) extending to or into a

portion of the connection tubes (3).

2. The evaporator unit (1) according to claim 1, wherein the sub-cooler
chamber (15) is filled with the cooling medium in liquid form via a filling tube
(40) which is connected to a condenser unit (50) of the energy recover

system (100) of the air ventilation system.

3. The evaporator unit (1) according to claim 2, wherein the filling tube (40) is
a longitudinal tube ensuring that the cooling medium is provided and held in a

sub-cooled liquid form in the sub-cooler chamber (15).
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4. The evaporator unit (1) according to claim 2 or 3, wherein the filling tube

(40) is provided along a substantial part of the inside of the sub-cooler
chamber (15) from one side to the other, preferably arranged to release the
cooling medium in subcooled form in near proximity to one side of the sub-

cooler chamber (15).

5. The evaporator unit (1) according to any of claims 1-4, wherein the multiple

capillary tubes (13) each provide a throttling in relation to the collection tube

2).

6. The evaporator unit (1) according to any of claims 1-5, wherein the
receiving ends (31) are arranged as bents extending from the collection tube

(2) and into the connection tubes (3).

7. The evaporator unit (1) according to any of claims 1-6, wherein the
receiving ends (31) are arranged as tube-in-tube arrangements from the

collection tube (2) and into the connection tubes (3).

8. The evaporator unit (1) according to any of claims 1-7, wherein the
receiving ends (31) are arranged with less starting dimension when compared

with the dimension of the connection tubes (3).

9. The evaporator unit (1) according to any of claims 1-8, wherein the
collection tube (2) has a V-shaped bottom and wherein the receiving ends
(31) are arranged in close connection to the V-shaped bottom of the collection

tube, preferably with diagonally cut receiving ends (31).

10. The evaporator unit (1) according to any of claims 1-9, wherein the
evaporator (1) comprises a valve (80) for defrosting connected to the

collection tube (2).

11. The evaporator unit (1) according to any of claims 1-10, wherein the sub-

cooler chamber (15) comprises at least one capillary tube (130) for increased



WO 2025/144094 PCT/SE2024/051035

10

15

20

13
effect in the first sub-cooling in the evaporator unit (1), preferably arranged in

a recirculation loop also comprising a valve (80) for defrosting connected to

the sub-cooler chamber (15) and thus the collection tube (2).

12. An energy recovery system (100) intended for air ventilation systems, said
system comprising an evaporator unit (1) according to any of claims 1-11 and
an energy recovery unit comprising a condenser unit (50) and a compressor
(60).

13. An air ventilation system comprising an energy recovery system (100)

according to claim 11 and an air inlet and an air outlet.

14. The air ventilation system according to claim 13, wherein the air
ventilation system comprises a particle recover unit for collection of particles

falling down from an outside of the multiple connection tubes (3).

15. Use of an air ventilation system according to claim 13 or 14, for
purification of an air inlet flow so that particles and dirt in the inlet air flow is
captured on the outside of the connection tubes (3), preferably collected in a
particle recover unit after falling down from an outside of the multiple

connection tubes (3).
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