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TRANSPIRED SOLAR COLLECTOR

Field of the invention

The invention relates to a transpired solar collector wherein outside air is
heated by drawing outside air into the collector and leading the air through the
collector. The heated outside air is subsequently used for purposes requiring heat
such as interior heating, industrial processes and agricultural processes such as

drying of goods and storing of products.

Background of the invention

A transpired solar collector comprises an absorber plate provided with
multiple perforations wherein the absorber is part of an enclosure forming an air
collector space. By providing a negative pressure in the collector space outside air
is drawn through the perforations into the collector space. The negative pressure is
often realized with a ventilation system, wherein the ventilation system is connected
to the collector space by means of a duct. The heated air is led through this duct to
the interior of a building for heating purposes or to processing equipment.

Transpired solar collectors are in most cases mounted on an outside wall of a
building, on a roof of a building or both in a position that as much solar radiation is
captured as possible. The wall or roof of the building may form part of the collector
space if the wall or roof is suitable for that purpose, which in the first place means
that it has to be sufficient insulated to prevent temperature losses.

Transpired solar collectors according to the prior art are very efficient when it
comes to heating air at high approach velocities, which according to literature are
velocities over 0.02 m/s. The approach velocity is the speed with which outside air
passes through the perforations in the absorber plate into the collector space. At
high approach velocities large volumes of air pass through the perforations in the
absorber plate of the transpired solar collector. With high approach velocities the
efficiency is high meaning that much of the solar energy absorbed in the absorber
plate is transferred to the outside air passing through the absorber plate. However,
because of the large velocity and consequently the large volumes of air there is
only a relatively small increase in the temperature of the outside air.

At lower approach velocities and therefore at lower air volumes the outside air
passing through the perforations in the absorber plate could be heated to higher
temperatures. However, the efficiency of transpired solar collectors rapidly

decreases at lower approach velocities, wherein the decrease in efficiency is
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exponentially or about exponentially with respect to the efficiency at higher
approach velocities. This is because much of the heating of the air drawn into the
collector space takes place at the outside of the absorber plate and for that reason
is wind-sensitive. At lower approach velocities the influence of the wind is far larger
than at high approach velocities. This practically limits the application of known
transpired solar collectors to circumstances where the user is satisfied with a limited

increase in temperature,

Objectives of the invention

It is an objective of the present invention to provide a transpired solar collector
wherein air is heated to higher temperatures.

It is an objective of the present invention to provide a transpired solar collector
with an improved heat exchange at low approach velocities.

It is another objective of the present invention to provide a transpired solar
collector wherein the heat transfer inside the transpired solar collector is increased
considerably.

It is another objective of the present invention to provide a transpired solar
collector which can be manufactured using standard profiled metal plates and/or
panels.

It is another objective of the present invention to provide a transpired solar

collector which can be manufactured easily and at low costs.

Description of the invention

The invention relates to a transpired solar collector as defined in claims 1-11
and a transpired solar collector system as defined in claims 12-14.

With conventional transpired solar collectors the areas immediately around the
perforations on the exterior of the absorber plate heat up outside air before it is drawn
through the perforations. The largest heat gain of the outside air comes from these
surrounding areas. A further part of the total heat gain is provided by the edges of the
perforations, which heat up the air when passing through the perforations. Finally,
there is a small contribution to the total heat gain from the interior side of the absorber
plate.

With high approach velocities, that is the speed with which the air approaches
and passes through the perforations of the absorber plate, the known transpired solar
collectors are very efficient and the performance is hardly dependent on any effect of

the wind. However, with low approach velocities, the boundary layer of air outside the
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collector is easily disrupted and with these low approach velocities the known

transpired solar collectors are much less efficient.

One or more of the objectives of the invention are realized by providing a
transpired solar collector comprising an absorber plate provided with multiple
perforations and a back plate, wherein the absorber plate and the back plate define
a collector space, wherein outside air enters the collector space through the
perforations and wherein the collector space is provided with at least one air outlet,
wherein at least one of the absorber plate and back plate is profiled, wherein the
profile comprises one or more troughs and ridges and wherein the longitudinal
direction of the troughs and ridges of at least one of the absorber plate and back

plate is at an angle to the general direction of the air flow in the collector space.

Because of the increased surface area the contact of the incoming air with the
transpired solar collector inside the collector space is prolonged resuiting in an
increased heat transfer. Preferably it is provided that the longitudinal direction of the
troughs and ridges of at least one of the absorber plate and back plate is at an
angle to the general direction of the air flow in the collector space. As a result of the
varying cross-sectional area of the collector space in the general direction of the air
flow the velocity of the air flow will be high where the cross-sectional area is small
and low where the cross-sectional area is large. At the location with lower air flow
velocities the residence time of the air is longer resulting in an increased air
temperature.

At the transition from small to large cross-sectional area and vice versa the air
will respectively be compressed and expanded resulting in turbulence in the air flow
within the collector space. Because of the turbulent air laminar flow along the
absorber plate is prevented which in turn results in mixing of the air by means of
which heated air is directed away from the absorber plate and air of lower
temperature is coming into contact with the absorber plate. Instead of that the
temperature of part of the air is further increased through contact with the collector
space side of the absorber plate all the air or almost all of the air inside the collector
space is further heated through contact with the absorber plate. This is an important
advantage over the prior art, see for instance US4899728, wherein the air flow is
laminar.

Preferably the absorber plate is profiled because most of the energy is at
least initially stored in the absorber plate.

Preferably both the absorber plate and the back plate are profiled. By
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providing that both the absorber plate and back plate are profiled has its effect on
the flow of the air in the collector space by means of which the time of the air inside
the collector space will be further increased and the contact of the air with the

absorber plate will also be further increased.

It is further provided that the profile of at least one of absorber plate and back
plate is rectangular or trapezoidal in transverse cross-section. The use of profiled
plates result in a turbulent air flow inside the collector space which is further
enhanced by using a rectangular or trapezoidal profile because of the sharp
transitions between successive planes of the profile. In order to generate as much
turbulence as possible and at the same time prevent that air might be trapped in the
troughs of such a trapezoidal profiled absorber plate and/or back plate the angle of
the trapezoidal profiled absorber plate and/or back plate is in the range of >90-140°,
preferably in the range of 105-135°. For the avoidance of doubt this is the angle

between successive planes of the profile.

The troughs and ridges of the absorber plate and the back plate form a
number of channels which dependent on the orientation with respect to each other
has influence on the air flow in the collector space and therewith the turbulence of
the air flow and as a result the heat exchange between the transpired solar collector
and the air. The general air flow induced in the collector space by ventilation means
or the like depends on the position of these means with respect to the collector
space. With parallel troughs and ridges of the absorber plate and back plate
turbulence and contact of the air with the absorber plate and back plate will be
optimal if the general air flow in the collector space is transverse to the troughs and

ridges of both the absorber plate and back plate.
It is preferably provided that the longitudinal direction of the trough and ridges of

the absorber plate and the back plate run at an angle to each other. With this
embodiment the interior of the collector space is shaped into one or more air
channels in which the air flows in a controlled way from the absorber plate through the
collector space to outside the collector space where the heated air is used for one or
more possible purposes. Because the troughs and ridges of absorber plate and back
plate run at an angle with respect to each other the channels are shaped such that
the cross-sectional surface area of the channels vary along the length direction of the
channels. As a result of this varying channel shape the air velocity in the channels will
vary, a high velocity where the cross section is narrow and a low velocity where the

cross section is wide. The variation in air velocity and channel geometry results in a



WO 2017/076773 PCT/EP2016/076109

10

15

20

25

30

35

-5-

turbulent air flow. This turbulence improves the contact between air and the inside
surface of the absorber plate significantly. A third effect is that the air will be longer in
contact with the inside surface of the absorber plate, at locations where the air
velocity is low. These effects together generate a much better heat ftransfer,

especially at lower approach velocities.

For practical reasons it is provided that in such an embodiment the
longitudinal direction of the trough and ridges of the absorber plate and the back
plate run transverse to each other. In transverse direction will mean in most cases
at a right angle to each other in order to facilitate the manufacturing and mounting

of the transpired solar collector.

According to a further aspect it is provided that the absorber plate and back
plate are mounted against each other. The direct mounting of the absorber plate
against the back plate results in that heat will be conducted from the absorber plate
to the back plate, which further increases the heat transfer to the air inside the
collector space. A further advantage of mounting absorber plate and back plate
against each other is that the construction and mounting of the transpired solar
collector becomes very easy.

By providing that the absorber plate and/or back plate comprise one or more
profiled metal panels, for which a choice can be made from a wide range of profiled
metal panels available in the industry, the construction and mounting of the

transpired becomes even more cost-effective.

If the back plate is to be mounted against a non-insulated part of a wall or a
roof it is provided that the back plate is formed by one or more insulated composite
profiled panels. These composite profiled panels have an internal insulation layer of
for instance a foam material which if off sufficient thickness will easily give the
desired degree of insulation.

Further a transpired solar collector system is provided comprising a transpired
solar collector as described above, a duct connected to the air outlet of the
transpired solar collector and means connected to the duct to provide a negative
pressure in the duct and the collector space, wherein the air outlet is provided along

at least part of the length of a side of the transpired solar collector.

Preferably the air outlet is provided at a side of the transpired solar collector
at the end of the troughs with the largest cross-sectional area.

A connecting channel is provided in order to connect the air outlet with the

duct wherein the connecting channel has a first connection to connect to the air
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outlet of the transpired solar collector and a second connection to connect to the
duct. Such a connecting channel is a transition part between the air outlet formed at
the side of the transpired solar collector by the absorber plate and back plate and a

duct of for instance circular, square or rectangular cross-section.

In a further embodiment a connecting channel is provided to connect at least
two transpired solar collectors to the duct. With transpired solar collectors with the
air outlet at the side of the collector such a connecting channel is mounted between
two transpired solar collectors to guide the heated air of both collectors through the

same duct.

Brief description of the drawings

The invention will be further explained on hand of the drawing, in which:

Fig.1 shows a cross- section of a known transpired solar collector,

Fig.2 shows a cross- section of a transpired solar collector with profiled
absorber plate and back plate,

Fig.3 shows a transpired solar collector in perspective with profiled absorber
plate and back plate with parallel troughs and ridges,

Fig.4a-c  shows a transpired solar collector in perspective with a profiled absorber
plate and a single channel in a supporting structure as back plate and
cross-sections transverse and parallel to the troughs and ridges,

Fig.5a-c  shows a transpired solar collector in perspective with profiled absorber
plate and back plate with transverse troughs and ridges, wherein the
troughs in the absorber plate form horizontal channels and cross-
sections transverse and parallel to the troughs and ridges, and

Fig.6a-c  shows a transpired solar collector in perspective with profiled absorber
plate and back plate with transverse troughs and ridges, wherein the
troughs in the back and absorber plate form horizontal channels and

cross-sections transverse and parallel to the troughs and ridges.

Detailed description of the drawings

Fig.1 shows a cross- section of a known transpired solar collector 1 with an
absorber plate 2, provided with perforations 3, and a back plate 4. By applying a
negative pressure in the collector space, outside air is drawn through perforations 3
in the collector space 5. Applying such a negative pressure is for instance

accomplished by means of a ventilator in a duct connected to the air outlet of the
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transpired solar collector. The difference between the pressure inside the collector
space 5 and outside atmospheric pressure is such that the outside air is drawn into
the collector space with a high approach velocity. Because of the high approach
velocity the outside wind conditions cause little or no disturbance in the air flow
resulting in a high efficiency, that is much of the solar energy is transferred to the
air drawn into the collector space. Although the efficiency of such a known
transpired solar collector is high the temperature increase of the air is only limited
because of the large volume of air drawn into the collector space per unit of time.

Fig.2 shows a cross-section of a transpired solar collector 1 with profiled
absorber plate 2 and back plate 4, wherein the troughs and ridges 6,7 of absorber
plate 2 and the troughs and ridges 8,9 of back plate 4 run parallel to each other.
Back plate 4 is formed in the supporting structure of the transpired solar collector 1
such as a wall of a building.

The air drawn into the collector space 5 through the perforations 3 is guided
by means of the negative pressure in a direction transverse to the troughs and
ridges to outside the collector space where the heated air is needed. By guiding the
air through the channel along these troughs and ridges 6-9, that is through sections
with successive narrow and wide sections, results in higher and lower air velocities
and in turn turbulence and vortices in the air. As a result the time during which the
air is guided from perforation 3 to the air outlet of the transpired solar collector
increases as well as the contact of the air with the interior side of the absorber plate
2, resulting in an increased temperature of the air leaving the collector space. This
temperature is further increased by using a limited negative pressure inside the
collector space, resulting in a lower approach velocity and a longer travel time of the
air through the collector space. Although the lower approach velocity may result in
disturbance of the air drawn into the transpired collector limiting the efficiency, the
overall result is that the air leaving the collector space is heated to a higher
temperature than realised with the known transpired solar collectors. The increase
in temperature makes this transpired solar collector technically and economically
more suitable for processes that require higher temperature increases, such as
room heating.

Fig.3 shows schematically a view in perspective of a transpired solar collector
1 as in fig.2 with the difference that the back plate 4 in this embodiment is made
from a profiled sheet material, for instance a metal profiled sheet material. Since
the collector space should be a closed space except for the outlet for the heated air,

filler material 10 is provided where necessary along the sides of the collector space
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5, in the figure only shown for the top and bottom sides. Instead of or in
combination with this filler material closure caps can be provided or the rims of the
absorber plate 3 and the back plate can be profiled in order to provide an airtight
closure of the collector space.

Fig.4a shows a transpired solar collector 1 in perspective with a profiled
absorber plate 2 and a single channel 11 in a supporting structure for the profiled
absorber plate 2, such as the wall of a building. The single channel 11 functions as
a back plate. Fig.4b shows a transverse cross-section with the air outlet of the
collector space at the right hand side in the figure. Fig.4c shows a cross-section
through a ridge 7 parallel to the troughs and ridges 6,7 in the absorber plate 2.

Fig.5a shows a transpired solar collector 1 in perspective with profiled
absorber plate 2 and back plate 4 wherein the troughs and ridges 6-9 of absorber
plate 2 and back plate 4 run transverse to each other. The back plate 4 is provided
with three parallel channels 12,13,14. These about horizontal channels 12,13,14
have exit openings at the right hand side of the figure, as is also visible in the
transverse cross-section according to fig.5b. Fig.5c shows a cross-section
transverse to the channels 12,13,14.

Fig.6a-c show a transpired solar collector 1 in perspective similar to the one
shown in fig.5a-c with the difference that the channels 12,13,14 are now in the
absorber plate 2 and that the back plate 4 has troughs and ridges 8,9 running in an
about vertical direction.

The transpired solar collector 1 according to fig.5 and fig.6 has a construction
wherein the absorber plate 2 and the back plate 4 are mounted against each other.
With absorber plate 2 and the back plate 4 both made from a heat conducting
material, for example profiled metal plates part of the heat of the absorber plate 2 is
conducted to the back plate 4, which is beneficial for the heat exchange with the air
inside the collector space 5.

The length of a trough or channel is preferably in the range of 2-12 meters,
more preferably in the range of 4-9 meters.

Another important dimension is the ratio between the depth of the troughs of the
absorber plate and the depth of the troughs of the back plate which are in the range
of 1:1 - 1:3 preferably 1:1 - 1:2. If the depth of the troughs is too large this will result in
dead zones with stagnant air resulting in a reduced heat exchange, if the channels
are too deep relative to the transverse ridges, then the turbulence generation

becomes weak and hence for the heating effect insignificant. The given depth ratio of
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the troughs is most effective with the absorber plate and back plate mounted against
each other.

The performance of the transpired solar collector according to the invention has
been measured and compared fo existing transpired solar collectors. At a low
approach velocity of 0,014 m/s a collector according to the invention has an efficiency
of ~60%, resulting in measured temperature increases of 32°C.

Transpired solar collector according to known technology have an efficiency of
~45% as documented in “Solar air systems — a design handbook” of the Solar heating
and cooling executive committee of the International Energy Agency, Editors: S.
Robert Hastings, Ove Marck, James & James Science publishers itd, London UK,
2000.
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CLAIMS

Transpired solar collector comprising an absorber plate provided with multiple
perforations and a back plate, wherein the absorber plate and the back plate
define a collector space, wherein outside air enters the collector space
through the perforations and wherein the collector space is provided with at
least one air outlet, characterised in that both the absorber plate and back
plate are profiled, wherein the profiles comprises one or more troughs and
ridges and wherein the longitudinal direction of the troughs and ridges of at
least one of the absorber plate and back plate is at an angle to the general

direction of the air flow in the collector space.

Transpired solar collector according to claim 1, wherein the profile of at least
one of absorber plate and back plate is rectangular or trapezoidal in

transverse cross-section.

Transpired solar collector according to claim 2, wherein the angle of the
trapezoidal profiled absorber plate and/or back plate is in the range of > 90-
140°, preferably in the range of 105-135°.

Transpired solar collector according to any one of claims 1-4, wherein the
longitudinal direction of the trough and ridges of the absorber plate and the

back plate run at an angle to each other.

Transpired solar collector according to any of the preceding claims, wherein
the longitudinal direction of the trough and ridges of the absorber plate and

the back plate run transverse to each other.

Transpired solar collector according to any of the preceding claims, wherein
the distance between successive ridges is different for absorber plate and

back plate.

Transpired solar collector according to any of the preceding claims, wherein
the length of a trough is preferably in the range of 2-12 meters, more preferably

in the range of 4-9 meters .
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Transpired solar collector according to any of the preceding claims, wherein
the ratio between the depth of the troughs of the absorber plate and the depth
of the troughs of the back plate are in the range of 1:1 - 1:3, preferably 1:1 -
1:2.

Transpired solar collector according to any of the preceding claims, wherein

the absorber plate and back plate are mounted against each other.

Transpired solar collector according to any of the preceding claims, wherein
the absorber plate and/or back plate comprise one or more profiled metal

panels.

Transpired solar collector according to any of the preceding claims, wherein

the back plate is formed by one or more insulated composite profiled panels.

Transpired solar collector system comprising a transpired solar collector
according to any of the preceding claims, a duct connected to the air outlet of
the transpired solar collector and means connected to the duct to provide a
negative pressure in the duct and the collector space, wherein the air outlet is
provided along at least part of the length of a side of the transpired solar

collector.

Transpired solar collector system according to claim 12, wherein the air outlet
is provided at a side of the transpired solar collector at the end of the troughs

with the largest cross-sectional area.

Transpired solar collector system according to claim 12 or 13, wherein a
connecting channel is provided to connect at least two transpired solar

collectors to the duct.
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