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HEATING APPARATUS USING SOLAR ENERGY AND METHOD OF
HEATING USING SOLAR ENERGY

The invention relates to a heating apparatus comprising solar energy
collector means, the solar energy collector means transferring the collected solar
energy to outside air passing through the solar energy collector means, and means
to use the heat of the air coming from the solar energy collector means for
heating.

Such solar energy collector means are known in the art, see for instance
US4934338, and are commonly used to generate heated air for space heating or
other indoor heating purposes like drying processes. In all kinds of buildings these
collector panels can be integrated in the fagade or roof so that large areas will be
available to collect and transfer solar energy. The air-outlet duct of the solar
energy collector means is connected to the interior of the building to introduce the
air into the building. In this way a reduction in the cosis for viher means
for heating can be achieved. However, most energy for interior space heating is
needed in the morning hours when there is no or only a limited amount of solar
energy available. This is a rather limiting factor for the use of these collector
panels.

It is an objective of the present invention to provide a heating apparatus
using the heat of the air coming from solar energy collector means for heating
purposes throughout the day.

It is an objective of the present invention to provide a heating apparatus
using the heat of the air coming from solar energy collector means for heating
purposes that can easily be manufactured and at low costs.

It is another objective of the present invention to provide a heating
apparatus provided with solar energy collecting means and heat storing means of
a simple and reliable construction.

It is another objective of the present invention to provide a heating
apparatus wherein heat stored in the heat storing means is added to the air used

for heating if the temperature of that air is below a predetermined temperature.

CONFIRMATION COPY
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It is still another objective of the present invention to provide a heating
apparatus wherein heat is taken from the air used for heating if the temperature of
that air is above a predetermined temperature and stored in the heat storing
means.

According to a first aspect of the invention one or more of the above
objectives are realized by providing a heating apparatus comprising solar energy
collector means, the solar energy collector means transferring the collected solar
energy to outside air passing through the solar energy collector means, means to
use the heat of the air coming from the solar energy collector means for heating, a
heat pump, a heat exchanger connected to the heat pump and heat storage means,
wherein the solar energy collector means comprise at least one first collector
panel and at least one second collector panel, the air coming from the at least one
first collector panel is led to the heating means and the air coming from the at
least one second collector panel is led to the heat exchanger connected to the heat
pump, the heat pump transferring the heat extracted from the air to the heat
storage means.

The term first collector panel and second collector panel may both mean a
single collector panel or a plurality of collector panels.

The first collector panel used to heat air for the heating means has certain
dimensions which are determined to a large extent by the heating power needed
for heating purposes and the power that can be generated during the daylight
hours. Increasing the dimensions of a collector panel beyond certain maximum
dimensions will not substantially increase the time span that sufficient heat for
heating purposes can be provided, whereas the possible peak power will be far
over the maximum heat demand. Therefore, there is a certain optimal dimension
for such collector panel, resulting in a limited period of sufficient power which
will always be too short to cover the demand over the whole day. According the
invention separaic a second collecior panel 1s provided, wierein ihe hieat of the air
passing through this second collector panel is extracted by means of a heat
exchanger and heat pump and stored in heat storage means. The collected and

stored heat is used during those periods of the day that the air passing through the
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first collector panel is not heated enough to meet the power demand for heating
purposes.

By means of the heat pump and storage means it is possible to collect and
store heat during all daylight hours, with the only restriction that the air
temperature is not below a certain critical value, which is somewhere around the
freezing temperature of water. As a consequence there is no limiting dimensional
factor for the second collector panel as there is for the first collector panels.

The heating apparatus according to the invention with the combination of
first and second collector panels, heat pump and heat storage means can supply
the entire heating needs or a large proportion thereof.

The collector panel used in the heating apparatus according the invention
defines an at least partly enclosed space and is provided with one or more solar
energy absorbing sides, air-inlet openings connecting the outside environment
with the at least partly enclosed space and an air-outlet duct connected to the at
least partly enclosed space. According to a further embodiment the air-iniet
openings connect to one or more air channels within the collector panel to guide
the air along the solar energy collecting side of the panel and to control the air
flow within the panel. These collector panels can be mounted against a side wall
or an inclined side of a building or on the roof of a building or could be integrated
with any of these sides of a building.

Although an air-flow will arise in the collector panel due to heat transfer in
the collector panel this in most cases will not be enough to get a sufficient flow of
air to the heating means that connect to the air-outlet duct of the first collector
panel. In the air-outlet duct of the second collector panel the flow should be
sufficient to have the air pass through the heat exchanger with at least a certain
minimal velocity. According to a further aspect of the invention air suction means
are provided to generate sufficient air-flow in the air-outlet duct of a collector
panel. With these air suction means a continuous flow of air through the air-outlet
duct can be established and regulated to maximum efficiency.

After passing of the air coming from the second collector panel through the

heat exchanger the temperature of the air will in most cases be too low to be used
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for any heating purpose, such as space heating. Therefore, further means are
provided to guide the air coming from the second collector panel after passing the
heat exchanger to the outside environment. If the heat exchanger is placed near to
where the air-outlet duct connects to the second collector panel, which for
instance could be on or near the roof of a building, these further means can simple
consist of a further outlet duct leading to the outside environment.

For heating purposes most heat is needed in the morning hours. The first
collector panel will generate sufficient heat for heating purposes in the middle of
the day and in most cases also part of the afternoon. To supply sufficient heat
outside these hours the heat extracted from the air coming from the second
collector panel and stored in the heat storing means is used.

According to a further aspect of the invention a further heat exchanger is
positioned in the air-outlet duct connected to the first collector panel. By
connecting the further heat exchanger to the heat storage means the stored heat is
added to the air coming from the first coliector paneis and the additionaily heated
air is subsequently led to the heating means.

In order to be able to connect the further heat exchanger to the heat storage
means for the periods of time that the additional heat is needed control means are
provided to connect and disconnect the further heat exchanger to the heat storage
means.

In the middle of the day the air coming from the first collector panel may be
heated well above the temperature that is needed for the heating purpose.
According the invention it is provided that during this period of time the further
heat exchanger is connected by means of the control means to the heat storage
means in a manner to subtract heat from the heated air coming from the first
collector panel and store the subtracted heat in the heat storage means. At the end
of said period of time the further heat exchanger is disconnected from the heat
storage means. Later on in the day when additional heat is needed the heat
exchanger is again connected to the heat storage means, but then in a manner that

heat from the heat storage means is added to the air passing the heat exchanger.
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If the temperature of the air coming from the first collector panel is higher
than required for heating purposes but not sufficiently high to be able to store the
subtracted heat in the heat storage means it also possible to use the heat pump,
which however would require additional control means and possibly also another
heat exchanger. In most cases such extra investments will not be economical
since with the second collector panel and the heat pump circuit enough additional
heat can be collected and stored.

According to a further aspect of the invention air-flow control means are
provided in the air-outlet duct connected to the second collector panel arranged to
add a further air-flow to the air-outlet duct connected to the second collector panel
upstream of the heat exchanger. In a preferred embodiment the air-flow control
means are arranged to add exhaust air coming from the heating means to the air-
outlet duct connected to the second collector panel. The temperature of the
exhaust air resulting from the heating process, for instance space heating, is still
reiatively high and can be used to mix with the air coming from the second
collector panel before it passes the heat exchanger to raise the temperature of that
air. By raising the air temperature the efficiency of the heat pump system will be
improved. Depending on the kind of heating process and the amount of exhaust
air resulting from the heating process, the air-flow control means may also be
adjusted so that for a period of time only exhaust air from a heating process is led
through the air-outlet duct upstream of the air-flow control means.

According to a further aspect the invention also a method of heating is
provided using outside air passing through solar energy collector means, the
method comprising the steps of:

- passing air coming from at least one first collector panel of the solar collector
means to heating means,

- extracting heat by means of a heat pump from air coming from at least one
second collector panel of the solar collector means, and

- transferring the extracted heat to heat storage means.

Preferably the method comprises the further steps of:
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- adding heat to or taking heat from the air coming from the first collector panel to
the heating means by means of a heat exchanger positioned in the air-flow coming
from the first collector panel, wherein the heat exchanger 1s connected to the heat
pump and/or the heat storage means.

Additionally it is provided that exhaust air coming from the heating means
is added to the air coming from the second collector panel upstream of the point

where heat is extracted by means of the heat pump.

The invention will be further explained on hand of the example shown in the
drawing, in which schematically a circuit is shown with a first collector panel
connected to a space heating system and a second collector panel with heat

exchanger means connected to a heat pump and heat storage means.

In the drawing a first collector panel 1 is shown placed against a building
siruciure, wherein ihe buliding siruciure 1s schemaiicaily indicaied wiin a
truncated line. The collector panel 1 is for instance a metal collector panel with
perforations as air-inlet openings. Dependent on the application of the collector
panel it is also possible to use a collector panel with other openings than the
perforations referred to as air-inlet openings. The collector panel 1 can be a
separate panel mounted against a side of a building structure or integrated with
the building structure and oriented to receive solar energy as much as possible.

An air-outlet duct 2 is connected to the top of first collector panel 1 and
leads the heated air from the first collector panel 1 to a space heating system 10.
A fan 4 is placed in the air-outlet duct 2 to generate sufficient air flow in air-outlet
duct 2 to feed the space heating system 5.

A second collector panel 11 is provided with an air-outlet duct 2 connected
to the top of the second collector panel 11 and leading the air to a heat exchanger
13. The heat exchanger 13 is connected by means of pipes 16 to a heat pump 17
and heat pump 17 is connected to heat storage means 18. At the downstream side

of heat exchanger 13 a fan 14 is placed in outlet duct 15 to get sufficient air-flow
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through heat exchanger 13. After the air is drawn through heat exchanger 13 the
air is led to the outside environment through outlet duct 15.

By using a heat pump 17 it is possible to extract energy from air led or
drawn through heat exchanger 13 over a temperature range starting at a
temperature well below the temperature of heated air that will be suitable for
direct heating applications. In this respect the term heated air is to be interpreted
accordingly.

The heat storage means 18 can for example comprise an insulated container
wherein a liquid medium, such as water, can be kept at an elevated temperature
during a period long enough to be able to use it when it is needed. If the stored
energy is to be used for space heating the stored energy should be available during
at least the morning hours when in most cases the heat demand is at a maximum
and heating by using direct heated air is not yet possible. Later in the day and in
the evening it will in most cases again be necessary to use the stored heat. The
amount of stored heat shouid aiso be sufficient to bridge this period which by
using the energy collecting, extracting and storage means as proposed can easily
be realized.

The circuit further comprises a heat exchanger 3 which is directly connected
to the storage means 18 by pipes 6 and a control valve 20 such that, if necessary,
heat stored in storage means 18 can be added to the air flowing into the building
via the space heating system 5. If the temperature of the air coming from the first
collector panel 1 is above the temperature needed for the space heating system 5
heat may be subtracted from the air by means of heat exchanger 3 and stored in
heat storage means 18.

In air-outlet duct 12 connected to the second collector panel 11 air-flow
control means 19 are provided which are used to introduce exhaust air coming
from the interior environment, indicated with arrow 21, into the air-flow which is
led through heat exchanger 13 which is connected to heat pump 17. This will only
be done when the temperature of the heated air coming from collector panel 11 is

below the temperature of the exhaust air.

PCT/EP2010/000410
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The air-flow control means 9 provided in air-outlet duct 2 coming from first
collector panel 1 and leading to heat exchanger 3 are used to introduce outside air,
indicated with arrow 7, into air-outlet duct 2 if the temperature of the heated air
coming from the first collector panel 1 should be lowered to control the space

heating and to supply sufficient fresh outside air in the building.



10

15

20

25

WO 2010/086126

CLAIMS

Heating apparatus comprising solar energy collector means, the solar energy
collector means transferring the collected solar energy to outside air passing
through the solar energy collector means, means to use the heat of the air
coming from the solar energy collector means for heating, a heat pump, a
heat exchanger connected to the heat pump and heat storage means, wherein
the solar energy collector means comprise at least one first collector panel
and at least one second collector panel, the air coming from the at least one
first collector panel is led to the heating means and the air coming from the
at least one second collector panel is led to the heat exchanger connected to
the heat pump, the heat pump transferring the heat extracted from the air to

the heat storage means.

Apparatus according to claim 1, wherein a collector panel defines an at least
partly enclosed space and is provided with one or more solar energy
absorbing sides, air-inlet openings connecting the outside with the at least
partly enclosed space and an air-outlet duct connected to the at least partly

enclosed space.

Apparatus according to claim 2, wherein the air-inlet openings connect to

one or more air channels within the collector panel.

Apparatus according to claim 2 or 3, wherein air suction means are

provided to generate an air-flow in at least one of the air-outlet ducts.

Apparatus according to claim 4, wherein the heat exchanger of the heat

pump is positioned in the air duct connected to the second collector panel.
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10.

11.

12.

-10 -

Apparatus according to claim 5, wherein means are provided to guide the
air coming from the second collector panel after passing the heat exchanger

to the outside environment.

Apparatus according to one or more of claims 2-6, wherein a further heat
exchanger is positioned in the air-outlet duct connected to the first collector

panel.

Apparatus according to claim 7, wherein control means are provided to
connect and disconnect the further heat exchanger to the heat storage

means.

Apparatus according to claim 8, wherein the control means and further heat
exchanger are arranged to add heat to or to take heat from the air coming

from the first collector panel.

Apparatus according to one or more of claims 2-9, wherein air-flow control
means are provided in the air-outlet duct connected to the second collector
panel arranged to add a further air-flow to the air-outlet duct connected to

the second collector panel upstream of the heat exchanger.

Apparatus according to claim 10, wherein the air-flow control means are
arranged to add exhaust air coming from the heating means to the air-outlet

duct connected to the second collector panel.

Method of heating using outside air passing through solar energy collector

means, the method comprising the steps of:

- passing air coming from at least one first collector panel of the solar
collector means to heating means,

- extracting heat by means of a heat pump from air coming from at least

one second collector panel of the solar collector means, and

PCT/EP2010/000410
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- transferring the extracted heat to heat storage means.

13.  Method according to claim 12, comprising the further steps of:
- adding heat to or taking heat from the air coming from the first
5 collector panel to the heating means by means of a heat exchanger
positioned in the air-flow coming from the first collector panel,
wherein the heat exchanger is connected to the heat pump and/or the

heat storage means.

10 14. Method according to claim 12 or 13, wherein exhaust air coming from the
heating means is added to the air coming from the second collector panel

upstream of the point where heat is extracted by means of the heat pump.
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