2009/099331 A2 I 000 0 010 OO 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization- /25 | ]| HINIHNO 00O W0 10 0 OO0 T 0
A 5 (10) International Publication Number
(43) International Publication Date Vs
13 August 2009 (13.08.2009) WO 2009/099331 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F24J 2/40 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ 23’ gg’ gg ? ]])31}({, 3\1\}[]’ gg’ gé’
PCT/NL2009/050056 EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
9 February 2009 (09.02.2009) I\K/[ZG II\I/IAKLISII\?I?\/I\I;/RI\/I[“)S( II;/}FY LI\I/J[ZL?\{IAMSGMI\]I)I 11\\%
(25) Filing Language: Dutch NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

2001271 8 February 2008 (08.02.2008) NL (84) Designated States (unless otherwise indicated, for every
2001908 22 August 2008 (22.08.2008) NL kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(71) Applicant (for all designated States except US): Verenig- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
ing VU-Windesheim [NL/NL]; De Boelelaan 1105, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
NL-1081 HV Amsterdam (NL). ES, FL, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),

(75) Tnventors/Applicants (for US only): GRIESSEN, ?A‘?{P;I(SFS’I\]?J’TSF’T%)G’ CL CM, GA, GN, GQ, GW, ML,
Ronald Pierre [NL/NL];, Emmaweg 29B, NL-1241 LG ? T ’ ’
Kortenhoef (NL). SLAMAN, Marinus Johannes Published:
[NL/NL]; Burg. Trooststraat 46, NL-2741 TT
Waddinxveen (NL).

(74) Agent: KETELAARS, Maarten;, Nederlandsch Oc-
trooibureau, J.W. Frisolaan 13, NL-2517 JS The Hague
(NL).

(72) Inventors; and

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: REFLECTING DEVICE, SOLAR COLLECTOR, PITCHED ROOF PROVIDED WITH A SOLAR COLLECTOR OF
THIS TYPE, AND GREENHOUSE

(57) Abstract: A reflecting device for adjustably reflecting light, such as sunlight, comprises a transparent first wall and a second
wall, which is arranged substantially parallel to and at a distance from the first wall. The reflecting device has a regulating layer,
which is provided with a duct, which is bounded between the first wall and the second wall. If the duct is filled with a transparent
liquid, light from the first wall is substantially allowed through by the regulating layer to the second wall. The regulating layer re-
flects light which impinges on the first wall it the duct is empty. The regulating layer is provided with a structure which is prismat-
ic in cross section. Said structure delimits the duct on a side of the duct which extends parallel to the walls. The reflecting device
forms, for example, a solar collector. The reflecting device provides intrinsic protection against reaching the stagnation tempera-
ture. In addition, the reflecting device can also be incorporated into the roof structure of a greenhouse.



10

15

20

25

30

WO 2009/099331 PCT/NL2009/050056

Title: Reflecting device, solar collector, pitched roof provided with a solar collector of

this type, and greenhouse

The invention relates to a reflecting device for optionally adjustably reflecting light,

such as sunlight.

US 4270517 discloses a solar collector which switches off automatically when a
maximum temperature is exceeded. The solar collector comprises a frame having a
base and upwardly extending side walls, which are covered by a transparent cover
plate. On the base a photoreceptor with a surface which absorbs solar energy is
arranged. Between the absorbing surface and the cover plate, there is an optical
scattering layer and a transparent liquid with a refractive index which is approximately
equal to the refractive index of the scattering layer. In the presence of transparent
liquid, the scattering layer allows sunlight which falls on the cover plate to pass
through. If the temperature of the solar collector rises above the evaporating
temperature of the liquid, the liquid evaporates. A portion of the sunlight is then
reflected by the scattering layer, resulting in a decrease in the temperature of the solar

collector.

However, when there is a considerable amount of incident solar energy, the scattering
layer is not sufficiently effective. As a result thereof,, there is a risk that the solar
collector will reach the stagnation temperature, that is to say the heat absorption of the
solar collector as a result of incident sunlight is greater than the heat removal of the
solar collector, so that the temperature of the solar collector and/or of components
thereof rises until overheating occurs. In this case, the solar collector and/or the

components thereof may become damaged.

US 4056094 discloses a solar collector which is provided with a transparent panel and
an absorbing plate, which are arranged essentially parallel to one another and at a
distance from one another. Between the transparent panel and the absorbing plate, there
is a duct. The bottom surface of the transparent panel has a structure which is prismatic
in cross section. When liquid is present in the duct, the sunlight incident on the

transparent panel passes through onto the absorbing plate. When a gas is present in the
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duct, the sunlight is reflected. However, it is a drawback that the reflection of sunlight
depends on the time of day. Although the sunlight is reflected efficiently at 12 o’clock
(noon), there is a risk, especially early in the morning and late in the afternoon, that
insufficient sunlight can be reflected. At those times of day, the rays of light from the
sun are incident at an angle and pass through to the absorbent plate despite the presence

of gas in the duct.

US 4148563 discloses a reflective panel which can be used, for example, with solar
collectors and greenhouses. The reflective panel comprises two layers of transparent
material. The outer surfaces of the reflective panel are flat, while the inner surfaces of
the two layers are provided with mating structures which are prismatic in cross section.
If a vapour is present between the layers, the layers are at a distance from one another
and the light incident on the reflective panel is reflected. Upon cooling, the vapour
condenses and a vacuum is created which pulls the two layers towards one another.
Between the two layers, a thin film of liquid is present, so that the light incident on the
reflective panel passes through the two layers. A drawback of this reflective panel is
that light is badly reflected when it does not fall onto the reflective panel
perpendicularly or not virtually perpendicularly. In addition, for the reflective panel to
work, the layers have to be matched to one another accurately. Furthermore, the two

layers of the reflective panel are moving parts, which adversely affects the reliability.

It is an object of the invention to provide an improved reflecting device.

This object is achieved according to the invention by means of the reflecting device
according to Claim 1. The transparent first wall and the transparent second wall are
arranged substantially parallel to one another and at a distance from one another. The
first duct is arranged between the two transparent walls, that is to say the first duct is
bounded between said walls. The transparent second wall and the third wall are also
arranged substantially parallel to one another and at a distance from one another. The
second duct is arranged between the second and the third wall. The first structure,
which is prismatic in cross section, forms a boundary surface of the first duct, that is to
say said structure is provided on the first or second wall. The prismatic cross-sectional

first structure is for example provided on the transparent first wall, on that side thereof
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which is turned towards the second wall. The first duct then extends between the
prismatic cross-sectional first structure of the transparent first wall and the transparent
second wall. The prismatic cross-sectional second structure forms a boundary surface
of the second duct, that is to say said structure is provided on the second or third wall.
The prismatic cross-sectional second structure is for example provided on the
transparent second wall on that side thereof which is turned towards the third wall. The
second duct then extends between the prismatic cross-sectional second structure of the

transparent second wall and the third wall.

The prismatic cross-sectional first and second structures thus extend in two planes
which are substantially parallel to one another. If, due to the angle of incidence, light
passes through the prismatic cross-sectional first structure of the first regulating layer,
the prismatic cross-sectional second structure of the second regulating layer can still
reflect this light which has passed through. In other words, two prismatic structures
have been arranged one above the other. When light passes through the upper prismatic
structure, the angle of incidence changes. The lower prismatic structure may refract the
light rays which have passed through the upper prismatic structure. As a result thereof,
the reflective properties of the reflecting device according to the invention are

significantly improved when the incident light rays are at an angle.

When it is used to reflect sunlight, the reflecting device is thus effective throughout the
day and not just around 12 o’clock (noon). However, the reflecting device according to
the invention can also be used to counteract light pollution emanating from a
greenhouse. The light coming from the lighting fixtures which are provided in the
greenhouse will impinge on the roof structure of a greenhouse substantially obliquely
from the inside. The efficiency of the reflecting device is significantly increased by the
use of two prismatic structures arranged one above the other, so that such light

pollution can be reduced.

Incidentally, the first regulating layer and the second regulating layer can also be seen
as two partial layers of a single regulating layer of the reflecting device. The regulating
layer of the reflecting device in this case comprises two partial layers, which are

arranged adjacent to one another, and in which the partial layers are provided with a
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first structure and a second structure, respectively, each of which being prismatic in
cross section. The first structure and the second structure of the partial layers can in this
case each be turned to the third wall, which, for example, is in the form of an absorbing
layer. The prismatic structure of the first partial layer is in this case arranged at a
distance from the third wall in order to form a first duct in between, and the prismatic
second structure of the second partial layer is arranged at a distance from the first

partial layer in order to form a second duct in between.

In a moderate climate, it is desirable to regulate the reflection of sunlight by the
reflecting device. The first regulating layer substantially allows light which impinges
on the first wall through to the second wall if the duct is filled with a transparent liquid
and reflects light incident on the first wall when the duct is empty. The second
regulating layer substantially allows light which impinges on the second wall through
to the third wall if the second duct is filled with a transparent liquid and reflects light

incident on the second wall when the second duct is empty.

The reflection of sunlight on the reflecting device can be regulated by means of the
prismatic cross-sectional first and second structures together with the transparent liquid,
for example water or alcohol. Each structure has projections which are prismatic in
cross section. If the prismatic cross-sectional first structure is in contact with the
transparent liquid, this structure allows light from the transparent first wall to
substantially pass through to the second wall. If the prismatic cross-sectional first
structure is adjacent to a vacuum, vapour Or gas, such as air, that is to say the duct is
empty, light which impinges from the transparent first wall is substantially reflected.
The action of the prismatic cross-sectional second structure is identical. Two regulating
layers are formed one above the other which can allow light through or reflect light,

depending on the presence of liquid or gas.

It has been found that such a prismatic structure can refiect light particularly
effectively, since light rays which impinge at right angles lead to so-called *total
reflection”. When light rays impinge at an angle, the light may, as a result of the angle

of incidence, pass through the prismatic cross-sectional first structure of the first
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regulating layer, but the prismatic cross-sectional second structure of the second

regulating layer can still reflect this light which has passed through.

When used as an adjustable reflecting device, the first duct and/or the second duct are
provided with a transparent liquid which is in contact with the structure being prismatic
in cross-section for substantially allowing light through the first and second regulating
layer, respectively, in which the transparent liquid can evaporate from the first and
second duct, respectively, through heating for substantially reflecting light by the

structure being prismatic in cross-section of said regulating layer.

If the prismatic structure is filled with the transparent liquid, light which falls on the
transparent first wall is allowed through by the regulating layer substantially
unimpeded. This causes the transparent liquid to heat up. If the temperature rises above
a threshold value, evaporation of the transparent liquid occurs. The prismatic structure
is then no longer adjacent to the transparent liquid, so that the incident light rays are
reflected against the surfaces of the prismatic cross-sectional structure. As a resuit

thereof, the reflecting device makes intrinsic protection against overheating possible.

Optionally, the reflective properties of the reflecting device can be adjusted by actively
removing or introducing the transparent liquid. In this case, the reflecting device not

only offers an intrinsic protection, but the reflecting device can be controlled.

Incidentally, it does not necessarily have to be possible for the duct to be filled with
transparent liquid during use. In a hot climate, for example near the equator, the duct
can remain empty continually. The reflecting device then constantly reflects as much

sunlight as possible.

In one embodiment, the first structure being prismatic in cross-section delimits the first
duct on a side of the first duct which extends parallel to the first wall and second wall.
For example the prismatic first structure, that is to say the prismatic surface of the
structure, is turned towards the second wall and arranged at a distance therefrom, in

which the duct is formed between the prismatic first structure and the second wall.
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In this case, it is also possible for the second structure being prismatic in cross-section
to delimit the second duct on a side of the second duct which extends parallel to the
second wall and third wall. The second structure being prismatic in cross-section is, for
example, provided on the second wall, on that side thereof which is turned towards the
third wall. Instead, the second structure being prismatic in cross-section may be
provided on the third wall, on that side thereof which is turned towards the second wall.
The location of the second structure depends on which side the incident light comes

from and has to be reflected.

In one embodiment, the first wall and the second wall and the third wall are fixed with
respect to one another. The walls of the reflecting device are at a fixed distance from
one another. Said fixed distance determines the dimensions of the first and second
ducts. The reflecting device is rigid and has no moving parts, which promotes

reliability.

In one embodiment, the third wall is provided with an absorbing layer. As a result
thereof, the reflecting device is adapted for use with a solar collector. Incident sunlight
is allowed through to the absorbing layer of the third wall if transparent liquid is
present in the ducts. The absorbed solar energy can be used effectively. Without
transparent liquid in the ducts, incident sunlight is reflected against the surfaces of the
structures being prismatic in cross-section. By evaporation of the liquid, the solar
collector is intrinsically protected against overheating and the risk of stagnation is
reduced. The liquid can also be removed actively in order to modify the reflective

properties of the solar collector.

In one embodiment, the third wall is transparent. As a result thereof, the reflecting
device is, for example, suitable for integration into the roof structure of a greenhouse.
Without transparent liquid in the ducts, the roof construction allows little, if any,
sunlight through. This may be desirable, for example, in order to prevent the plants in
the greenhouse from becoming burnt. If the ducts are filled with liquid, sunlight passes
through substantially unimpeded. Incidentally, the reflecting device can also be used to
prevent light from emerging from the greenhouse by turning the prismatic structures

round. This reduces the light pollution produced by a greenhouse.
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1t is possible that the transparent first wall has an upper surface which is turned towards
the light, in which the upper surface is substantially flat. If the light falls onto the upper
surface at right angles, for example at approximately 12 o’clock (noon) in the case of
sunlight, the light passes through to the second wall. If no transparent liquid is present
in the prismatic structure, for example as a result of evaporation or otherwise, the light

rays are reflected substantially completely.

The prismatic cross-sectional first structure and the prismatic cross-sectional second
structure can each be designed in different ways. The first structure and/or the second
structure may, for example, be provided with pyramid-shaped or conical projections,

elongate ridges or other shapes, which are prismatic in cross section.

The ridges or other shapes of the prismatic structure may be connected to the second
wall via dividing walls. The dividing walls extend in the longitudinal direction of the
ridges. The dividing walls not only provide structural strength, but also form partial
ducts for the transparent liquid. Between the ridge or several ridges, the opposite wall
and two dividing walls, in each case one partial duct is formed. The adjoining partial
ducts together form the first or second duct. This is advantageous for the flow of liquid.

When using several regulating layers, the ridges of the regulating layers may each
comprise a tip, the tips of the ridges of the first structure being aligned with respect to
the tips of the ridges of the second structure. Alternatively, the ridges of the regulating
layers may each comprise a tip, with the tips of the ridges of the first structure being
offset with respect to the tips of the ridges of the second structure. In a particular
embodiment, the tips of the ridges of the first structure are substantially in the centre
between the tips of the second structure. As a result, the degree of reflection of sunlight
is relatively high when no liquid is present, even when the light rays impinge at an

angle.

In one embodiment, the ridges of the first structure and the ridges of the second
structure extend at an angle to one another. By adjusting this angle, the reflective

properties of the reflecting device when light impinges can be modified. For example,
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the ridges of the first structure of the first regulating layer extend substantially at right

angles with respect to the ridges of the second structure of the second regulating layer.

In one embodiment, the transparent first wall comprises a cover plate and a carrier
plate, which are arranged at a distance from one another in order to form an insulating
layer. The cover plate, for example, forms the outer side of the reflecting device, onto
which light impinges. The cover plate is situated at a distance above the carrier plate of
the first wall, which is connected to the upper surface of the adjoining regulating layer.
Between the cover plate and the carrier plate, there is an intermediate space which is
filled with air or contains a vacuum. This intermediate space ensures that little, if any,
convection can occur — the intermediate space forms an insulating layer. As a result

thereof, heat losses are reduced.

The transparent first wall and/or the transparent second wall and/or the third wall
and/or the first regulating layer and/or the second regulating layer may comprise
plastic, for example polycarbonate. Due to the intrinsic protection against high

temperatures, relatively inexpensive plastics may be used.

For example, the transparent first layer and/or the transparent second layer and/or the
regulating layer are extruded. These layers can also be integrally formed by co-
extrusion. Producing a single panel, in which the transparent layers, the regulating layer
and the absorbing layer are integrated, is relatively inexpensive. However, the prismatic
structure can also be of a different design — for example the prismatic structure may be

formed by a film/foil layer.

The thickness of the regulating layer is determined by the height of the structure or
structures arranged above one another. The height of each structure is, for example,
between 10 um and 5 mm. If the structure is formed by a film/foil which is arranged in
the regulating layer, the height thereof may be in the order of magnitude of ym. When
the plastic regulating layer is extruded, the height of each structure is, for example, 2 or

3 mm.
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The invention also relates to a solar collector for converting solar energy into heat,
comprising a reflecting device as described above. In particular, the solar collector
comprises a transparent first wall, a transparent second wall, and a third wall which is
provided with a solar energy-absorbing layer, which second wall is arranged
substantially parallel to and at a distance from the first wall, the solar collector being
provided with a first regulating layer, which is provided with a first duct, which is
bounded between the first wall and the second wall, and which first regulating layer
substantially allows light which impinges on the first wall through to the second wall
when the first duct is filled with a transparent liquid and reflects light which impinges
on the first wall when the first duct is empty, the first regulating layer being provided

with a first structure which is prismatic in cross section.

According to the invention, the third wall is arranged substantially parallel to and at a
distance from the second wall, and the solar collector is provided with a second
regulating layer, which is provided with a second duct, which is bounded between the
second wall and the third wall, the second regulating layer substantially allowing light
impinging on the second wall through to the third wall if the second duct is filled with a
transparent liquid and reflecting light impinging on the second wall if the second duct
is empty, the second regulating layer being provided with a second structure which is

prismatic in cross section.

In this case, the first structure may delimit the first duct on a side of the first duct which
extends parallel to the first wall and second wall. The second structure may delimit the
second duct on a side of the second duct which extends parallel to the second wall and
the third wall. For example, the first structure is provided on the first wall, on that side
thereof which is turned towards the second wall, and the second structure is provided

on the second wall on that side thereof which is turned towards the third wall.

As long as the prismatic structures of the regulating layers of the solar collector are
filled with transparent liquid, the regulating layers allow the sunlight through to the
absorbing layer of the third wall. The solar collector heats up on account of the incident
sunlight. If the temperature has increased to such a degree that the transparent liquid

evaporates, each of the prismatic structures forms a reflecting surface for the incident
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sunlight. As a result thereof, the solar collector is intrinsically protected against
overheating. If desired, the solar collector can be designed such that the transparent
liquid can be removed by the action of an operator. The reflective properties are thus

adjustable.

The heated-up transparent liquid in the solar collector can be used as a heat-transfer
medium, that is to say the heated transparent liquid can, for example, be collected in a

storage vessel and subsequently be used for heating spaces and/or tap water.

In one embodiment, the absorbing layer is provided with ducts for a heat-transfer fluid.
Instead of using the transparent liquid in the duct directly for heating, this liquid may
be in heat-exchanging contact with a heat-transfer fluid in the ducts of the absorbing
layer. The heat-transfer fluid, such as water, is then, for example, collected in a storage

vessel and subsequently used as warm tap water or in a heating installation.

As the transparent liquid in the duct is in this case separate from the heat-transfer fluid
in the absorbing layer, the transparent liquid in the duct can be modified in order to
produce the desired properties for reflecting light and allowing light to pass through, in

combination with the material of the regulating layer.

The features of the dependent claims with regard to the reflecting device can also be

applied to the solar collector according to the invention.

The invention also relates to a pitched roof comprising a solar collector as described
above, in which the first and/or second structure is provided with elongate ridges which
are prismatic in cross section. Said ridges extend, for example, in the direction of the
pitch of the roof. As a result thereof, the sun’s altitude has only a minimal effect, that is
to say the efficiency of the solar collector hardly depends on the season, if at all. The
reflection does, however, vary according to the time of day — at 12 o’clock (noon), the
incident solar energy is at a maximum and the solar collector without the transparent

fluid in the fluid duct reflects the sunlight virtually completely.
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In order to give the solar collector an attractive appearance, the solar collector may, for
example, be in the form of a roof tile. As a result, the solar collector can be discreetly

incorporated into the pitched roof.

The invention furthermore relates to a greenhouse comprising a reflecting device as
described above. In particular, the greenhouse has columns, beams supported by the
columns, as well as a roof structure supported by the beams, which roof structure is
provided with a transparent first wall, a transparent second wall, which is arranged
substantially parallel to and at a distance from the first wall, a transparent third wall,
which is arranged substantially parallel to and at a distance from the second wall, and a
first regulating layer, which is provided with a first duct, which is bounded between the
first wall and the second wall, and which first regulating layer substantially allows light
incident on the first wall through to the second wall if the first duct is filled witha
transparent liquid and reflects light incident on the first wall if the first duct is empty,
the first regulating layer being provided with a first structure which is prismatic in cross
section, and a second regulating layer, which is provided with a second duct, which is
bounded between the second wall and the third wall, the second regulating layer being
provided with a second structure which is prismatic in cross section. For example, the
first structure delimits the first duct on a side of the first duct which extends parallel to
the first wall and second wall. The second structure may delimit the second ducton a
side of the second duct which extends parallel to the second wall and third wall.

The roof structure comprises three walls, namely an inner wall, an outer wall and an
intermediate wall situated in between. The liquid ducts are provided between the outer
wall and the intermediate wall, and between the intermediate wall and the inner wall,

respectively.

The features of the dependent claims with respect to the reflecting device can also be

applied with the greenhouse according to the invention.

In one embodiment, the first wall forms an outer wall of the roof structure, which outer
wall is provided with an outer side for receiving sunlight which impinges on the roof

structure and an opposite inner side, in which the first structure of the first regulating
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layer is provided on the inner side of the outer wall, and in which the second wall is
situated on the inner side of the outer wall. As a result thereof, the amount of sunlight

which is allowed into the greenhouse can be adjusted.

However, it is also possible for the first wall to form an inner wall of the roof structure,
which inner wall is provided with an inner side which is situated adjacent to an interior
of the greenhouse, and an opposite outer side, in which the first structure of the first
regulating layer is provided on the outer side of the inner wall, and in which the second
wall is situated on the outer side of the inner wall. As a result thereof, the roof structure
of the greenhouse can prevent light from emerging from the greenhouse to the outside.

By filling the duct, the light pollution which is caused by the greenhouse is reduced.

The second structure of the second regulating layer may be provided on the second
wall, on that side thereof which is turned towards the third wall. In this case, the two
prismatic structures of the two regulating layers are turned in the same direction. If the
prismatic cross-sectional structures are designed as clongate ridges, the ridges of the
one prismatic structure may extend at an angle with respect to the ridges of the other
prismatic structure. This may affect the reflective properties of the roof structure of the

greenhouse in a positive manner.

In one embodiment, the second structure of the second regulating layer is provided on
the third wall, on that side thereof which is turned towards the second wall. The outer
wall and the inner wall are each provided with a prismatic structure. These prismatic
structures are turned towards one another. Between the prismatic structures, there is an
intermediate wall, which is, for example, designed to be substantially smooth on both
sides. This embodiment can allow light incident on the roof structure through or reflect
it and can allow light produced in the greenhouse through or reflect it by filling or
emptying the respective liquid ducts.

In addition, the invention relates to a reflecting device for reflecting light, such as
sunlight, comprising a transparent first wall, a transparent second wall, which is
arranged substantially parallel to and at a distance from the first wall, and a duct, which
is bounded between the first wall and the second wall, in which the first wall is
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provided with a first structure which is prismatic in cross section, and which first
structure delimits the duct on a side of the duct which extends parallel to the first wall
and second wall, and in which a second structure is provided which is prismatic in
cross section, in which said second structure is provided on that side of the second wall

which is tumed away from the duct. In this case, the third wall is omitted.

The two transparent walls are each provided with a structure which is prismatic in cross
section. The prismatic cross-sectional first and second structures extend in two planes
which are substantially parallel to one another. When, due to the angle of incidence,
light is allowed through the prismatic cross-sectional first structure of the first wall, the
prismatic cross-sectional second structure of the second wall can still reflect this light
which has passed through. This embodiment also has two prismatic structures which
are arranged one above the other. The prismatic structures are, for example, both
directed downwards. When passing through the upper structure, the angle of incidence
changes. The lower structure can refract the light rays which have been allowed
through by the upper structure. The reflective properties are excellent, both when the
light rays impinge at right angles and at an angle. A reflecting device of this type can,
for example, be integrated into a greenhouse in order to continually reflect as much

sunlight as possible. The duct does not have to be filled with liquid.

With this embodiment, the first wall and the second wall may be fixed with respect to

one another. As a result thereof, a strong and reliable structure is produced.

The invention will now be explained in more detail with reference to the attached
drawing, in which:

Fig. 1 shows a cross-sectional view of a first embodiment of a reflecting device
according to the invention;

Fig. 2a shows how a light ray is reflected by the prismatic structure of the reflecting
device shown in Fig. 1;

Fig. 2b shows how a light ray passes through the prismatic structure of the reflecting
device shown in Fig, 1;

Fig. 3 shows a cross-sectional view of a second embodiment of a reflecting device

according to the invention;
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Fig. 4 shows a cross-sectional view of a third embodiment of a reflecting device
according to the invention;
Fig. 5 shows a pitched roof, which is provided with a reflecting device according to the
invention;
Fig. 6 diagrammatically shows a heat system comprising a solar collector according to
the invention;
Fig. 7 shows a perspective view of a greenhouse;
Fig. 8a shows a fourth embodiment of a reflecting device according to the invention for
use with the greenhouse shown in Fig. 7;
Fig. 8b shows a fifth embodiment of a reflecting device according to the invention for
use with the greenhouse shown in Fig. 7;
Fig. 8c shows a sixth embodiment of a reflecting device according to the invention for
use with the greenhouse shown in Fig. 7;
Fig. 8d shows a seventh embodiment of a reflecting device according to the invention

for use with the greenhouse shown in Fig. 7.

Fig. 1 shows a reflecting device 1 which can also be used as a solar collector. The
reflecting device 1 comprises a duct 10, which is bounded by two walls 3,5, which are
arranged substantially parallel to and at a distance from one another. The first wall 3
forms a transparent layer or panel 3 for receiving sunlight. In this exemplary
embodiment, the second wall 5 forms an absorbing layer for absorbing solar energy.

The absorbing layer 5 forms a so-called absorber plate and is usually coloured black.

The transparent first wall 3 has a cover plate 4, which defines the outer side of the
reflecting device 1 which is turned towards the sun, and a carrier plate 6. In this
exemplary embodiment, the cover plate 4 is arranged at a distance from the carrier plate
6 by means of dividing walls 15. However, the dividing walls 15 can also be omitted
{not shown). 1t is also possible for the transparent first wall 3 to be solid (not shown).
Air or another gas or a vacuum is for example present between the cover plate 4 and the
upper surface 8 of the carrier plate 6, so that the transparent first wall 3 forms an

insulating layer.
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On the opposite side of the carrier plate 6, that is to say on that side of the transparent
first wall 3 which is turned away from the sunlight, a structure 11 is provided which is
prismatic in cross section. The prismatic cross-sectional structure 11 and the duct 10

form a regulating layer 7 for regulating the reflection of sunlight.

The prismatic structure 11 is designed such that light rays incident at right angles are
reflected by total reflection. The two angles between the surface of the prismatic
structure which receives the incident light and the reflecting surfaces of the prismatic
structure are greater than the critical angle of the material of the prismatic structure.
The critical angle 8 for total reflection is determined by sin 8 = 1/n, with n being the

refractive index of the material.

In this exemplary embodiment, the prismatic structure 11 is formed by elongate ridges
14, which are turned towards the absorbing layer 5. The ridges 14 extend substantially
straight along the bottom surface of prismatic structure 11. Viewed in cross section, the
ridges 14 are prismatic, that is to say in cross section each of the ridges 14 defines a
triangle. If the solar collector 1 is placed on a pitched roof, the ridges 14 extend in the

direction of inclination of the roof.

Each of the ridges 14 comprises a tip 17 which is directed towards the absorbing layer
5. The ridges 14 are arranged at a distance from the absorbing layer 5. Between the
ridges 14 and the absorbing layer 5, a duct 10 is formed. The prismatic structure of the
regulating layer 7 delimits the duct 10. During normal use, the duct 10 is filled with a
transparent liquid 9. The refractive index of the transparent liquid 9 is preferably
substantially identical to the refractive index of the material of the prismatic structure
of the regulating layer 7. This is, however, not imperative in order for the regulating

layer 7 to function.

In this exemplary embodiment, one or more ridges 14 are bounded between further
dividing walls 15, which extend in the longitudinal direction in between. As a result,
the duct 10 is divided into partial ducts 16. The dividing walls 15 between the ridges 14
and the absorbing layer S are optional.
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The operation of the regulating layer 7 is illustrated in Figs. 2a and 2b. If the duct 10 is
filled with the transparent liquid 9, the incident light rays can pass through the ridge 14
(see Fig. 2b). The incident sunlight heats the absorbing layer S, as a result of which the
temperature rises. When the evaporation temperature of the transparent liquid is
exceeded, the latter evaporates from the duct 10. The ridge 14 then forms a transition
between the material of the regulating layer 7 and the air which is present in the duct
10. A light ray which impinges perpendicularly from above is then reflected on the
surfaces of the ridge 14 (see Fig. 2a). Switching between allowing through and
reflecting is also possible by deliberately removing the transparent liquid from the duct
10.

Fig. 3 shows a second embodiment of the reflecting device of solar collector 1
according to the invention, in which the same or similar parts are denoted by the same
reference numerals. The embodiment shown in Fig. 3 has two regulating layers 7, each
of which is provided with a duct 10 and a structure 11,12 which is prismatic in cross
section. Each of the liquid ducts 10 is bounded by two walls 3,40 and 40,41,
respectively, which are arranged substantially parallel to and at a distance from one
another. The reflecting device comprises three walls 3,40,41. In this exemplary
embodiment, each prismatic structure 11,12 has elongate ridges 14 which are turned

away from the sunlight.

The first prismatic structure 11 is provided on that side of the transparent first wall 3
which is turned away from the sunlight, while the second prismatic structure 12 is
provided on that side of the central second wall 40 which is turned away from the
sunlight. In this exemplary embodiment, the third wall 41 is designed as an absorbing
layer for absorbing solar energy — similar to the absorbing layer S from Fig. 1. The
liquid ducts 10 for receiving transparent liquid are situated between the ridges 14 of the
lower structure 12 and the absorbing layer 41, and between the ridges 14 of the upper
structure 11 and the upper surface of the lower structure 12, respectively.

In this exemplary embodiment, the tips 17 of the ridges 14 of the prismatic structures
11,12 are aligned with respect to one another . However, the tips 17 may also be offset

with respect to one another (not shown).
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Fig. 4 shows a third embodiment of the reflecting device of solar collector 1 according
to the invention, in which the same or similar parts are denoted by the same reference
numerals. The absorbing layer 5 is provided with internal ducts 20 for receiving a heat-
transfer fluid. The transparent liquid in the duct 10 is in this case separated from the

heat-transfer fluid.

The parts of the reflecting device or solar collector 1 may be made of plastic, such as
polycarbonate. As a resuit thereof, the production costs are relatively low, in particular

if extrusion is used.

Fig. 5 diagrammatically shows a pitched roof 80, which is provided with a reflecting
device or solar collector 1 as described above. The elongate ridges 14 of the prismatic
structure extend in the direction of inclination of the roof, which is indicated by arrow
P. As a result, the influence of the sun’s altitude is minimal, that is to say the efficiency
of the solar collector hardly depends on the season, if at all. The reflectivity does

however vary according to the time of day.

Fig. 6 diagrammatically shows a heat system for converting solar energy into heat. The
heat system comprises a solar collector 1, which is, for example, designed as described
above. The solar collector 1 has a fluid inlet 22 and a fluid outlet 23 for supplying and

discharging the transparent fluid, respectively. The fluid inlet 22 and the fluid outlet 23
are connected to one another outside the solar collector 1 by means of a circulation line

24.

The circulation line 24 extends through a heat exchanger 27. The heat exchanger 27 has
a heat-absorbing line 28 which is in heat-exchanging contact with the circulation line
24 in the heat exchanger 27. Incidentally, the transparent liquid from the duct can, if
desired, be used directly without the use of a heat exchanger (not shown). In this
exemplary embodiment, a circulation pump 26 is incorporated in the circulation line
24. However, the circulation can also be effected by means of natural convection, that

is to say that the circulation pump is then superfluous.
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An open reservoir 25 is connected to the solar collector 1 via a line 30. The open
reservoir 25 and the line 30 are filled with the transparent fluid 9. When the transparent
fluid 9 evaporates and condenses, the level in the open reservoir 25 changes. It is
possible to use a different system for compensating for the pressure difference instead

of an open reservoir, such as a closed reservoir or expansion vessel.

Fig. 7 shows a greenhouse 50 to be used for cultivation under glass. The greenhouse S0
comprises a series of columns 51 and beams 52 which are supported by the columns
51. The beams 52 support a roof structure 53. The roof structure 53 comprises panels
54. The panels 54 are, for example, designed as shown in Figs. 8a-d, in which the same

or similar parts are denoted by the same reference numerals.

The panels of the roof structure 53 shown in Figs. 8a-d have a triple-walled structure,
that is to say each panel of the roof structure 53 is composed of three walls 3,40,41.
The embodiments shown in Figs. 8a, 8b are suitable for switching the sunlight which is
incident on the roof structure 53. In Fig. 8a, the elongate ridges 14 of the prismatic
structures 11, 12 are aligned with respect to one another. Fig. 8b shows an embodiment
with elongate ridges 14 of two regulating layers 7,7°, which run substantially at right

angles to one another.

In Fig. 8¢, the reflecting device according to the invention is used to keep the light
produced in the greenhouse 50 inside the greenhouse 50, so that the light pollution
caused by the greenhouse 50 is reduced. The embodiment from Fig. 8d is adapted to be
able to regulate the allowing through and reflecting of both the sunlight and the light
produced in the greenhouse. With the embodiments shown in Figs. 8a, 8b and 8d, the
elongate ridges of the transparent outer wall 3 extend in the direction of inclination of

the roof structure 53.

The liquid which flows through the liquid ducts 10,10’ of the roof structure 53 can be
used to cool the roof structure 53. The liquid can also be used for producing heat. The
reflecting device which is integrated into the roof structure 53 then also acts as a solar
collector. The embodiments illustrated in Figs. 8a-8d are incidentally also suitable as

reflecting device for uses other than in a greenhouse.
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Obviously, the invention is not limited to the exemplary embodiments illustrated in the
figures. Those skilled in the art can make various modifications which are within the
scope of the invention. For example, the reflecting device is not only suitable for a solar
collector, but also for a solar cell or other applications, where it is desirable to limit the
incoming solar energy when a maximum temperature has been exceeded. Also, the
reflecting device according to the invention is not limited to applications involving
sunlight — the reflecting device is also suitable for regulating the reflection of light from

other sources of light.
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Claims

Reflecting device (1) for adjustably reflecting light, such as sunlight, comprising
a transparent first wall (3), a transparent second wall (40), which is arranged
substantially parallel to and at a distance from the first wall (3), and a regulating
layer (7), which is provided with a duct (10), which is bounded between the first
wall (3) and the second wall (40), and which regulating layer (7) substantially
allows light which impinges on the first wall (3) through to the second wall (40)
if the duct (10) is filled with a transparent liquid (9) and reflects light which
impinges on the first wall (3) if the duct (10) is empty, the regulating layer (7)
being provided with a structure (11) which is prismatic in cross section,
characterized in that, the reflecting device is provided with a third wall (41),
which is arranged substantially parallel to and at a distance from the second wall
(40), and a second regulating layer (7°), which is provided with a second duct
(10°), which is bounded between the second wall (40) and the third wall (41), the
second regulating layer (7°) being provided with a second structure (12) which is

prismatic in cross section.

Reflecting device according to Claim 1, in which the structure (11) delimits the
duct (10) on a side of the duct (10) which extends parallel to the first wall (3) and
second wall (40).

Reflecting device according to Claim 1 or 2, in which the second structure (12)
delimits the second duct (10°) on a side of the second duct (10’) which extends
parallel to the second wall (40) and third wall (41).

Reflecting device according to one of the preceding claims, in which the first wall
(3) and the second wall (40) and the third wall (41) are fixed with respect to one

another.

Reflecting device according to one of the preceding claims, in which the duct
(10) is provided with a transparent liquid (9) which is in contact with the structure
being prismatic in cross-section (11) for substantially allowing light through the

PCT/NL2009/050056
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regulating layer (7), and in which the transparent liquid (9) can evaporate from
the duct (10) by heating for substantially reflecting light by the structure being

prismatic in cross-section (11) of the regulating layer (7).

Reflecting device according to one of the preceding claims, in which the second
duct (10) is provided with a transparent liquid (9) which is in contact with the
second structure being prismatic in cross-section (12) for substantially allowing
light through the second regulating layer (7°), and in which the transparent liquid
(9) can evaporate from the second duct (10°) by heating for substantially
reflecting light by the second structure being prismatic in cross-section (12) of the

second regulating layer (7°).

Reflecting device according to one of the preceding claims, in which the structure
being prismatic in cross-section (11) is provided on the first wall (40), on that

side thereof which is turned towards the second wall (40).

Reflecting device according to one of the preceding claims, in which the structure
being prismatic in cross-section (12) is provided on the second wall (40), on that
side thereof which is turned towards the third wall (41).

Reflecting device according to one of the preceding claims, in which the second
structure being prismatic in cross-section (12) is provided on the third wall (41),
on that side thereof which is turned towards the second wall (40).

Reflecting device according to one of the preceding claims, in which the third

wall (41) is provided with an absorbing layer.

Reflecting device according to one of the preceding claims, in which the third

wall (41) is transparent.

Reflecting device according to one of the preceding claims, in which the first
structure (11) and the second structure (12) are each provided with elongate

ridges (14) which are prismatic in cross section.

PCT/NL2009/050056



10

15

20

25

30

WO 2009/099331 PCT/NL2009/050056

13.

14.

15.

16.

17.

18.

19.

22

Reflecting device according to Claim 12, in which the ridges (14) each comprise
atip (17), and in which the tips (17) of the ridges (14) of the first structure (11)
are offset with respect to the tips (17) of the ridges (14) of the second structure
(12).

Reflecting device according to Claim 11 or 12, in which the ridges (14) of the
first structure (11) and the ridges (14) of the second structure (12) extend at an

angle to one another.

Reflecting device according to one of the preceding claims, in which the
transparent first wall (3) and/or the transparent second wall (40) and/or the third
wall (41) and/or the regulating layer (7) and/or the second regulating layer (7°)

comprise plastic, for example polycarbonate.

Solar collector for converting solar energy into heat, comprising a reflecting
device according to one of the preceding claims, in which the third wall (41) is

provided with a layer which absorbs solar energy.

Pitched roof comprising a solar collector (1) according to Claim 16.

Greenhouse comprising columns, beams supported by the columns, as well as a
roof structure supported by the beams, which roof structure is provided with a
reflecting device according to one of Claims 1-15, in which the third wall (41) is

transparent.

Greenhouse according to Claim 18, in which the first wall (3) forms an outer wall
of the roof structure, which outer wall (3) is provided with an outer side for
receiving sunlight which impinges on the roof structure and an opposite inner
side, in which the first structure (11) of the first regulating layer (7) is provided
on the inner side of the outer wall (3), and in which the second wall (40) is

situated on the inner side of the outer wall (3).
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Greenhouse according to Claim 18, in which the first wall (3) forms an inner wall
of the roof structure, which inner wall (3) is provided with an inner side which is
situated adjacent to an interior of the greenhouse, and an opposite outer side, in
which the first structure (11) of the first regulating layer (7) is provided on the
outer side of the inner wall (3), and in which the second wall (40) is situated on

the outer side of the inner wall (3).

Greenhouse according to one of Claims 18-20, in which the second structure (12)
of the second regulating layer (7°) is provided on the second wall (40), on that
side thereof which is turned towards the third wall (41).

Greenhouse according to one of Claims 18-20, in which the second structure (12)
of the second regulating layer (7°) is provided on the third wall (41), on that side
thereof which is turned towards the second wall (40).

Reflecting device (1) for reflecting light, such as sunlight, comprising a
transparent first wall (3), a transparent second wall (40), which is arranged
substantially parallel to and at a distance from the first wall (3), and a duct (10),
which is bounded between the first wall (3) and the second wall (40), in which
the first wall (3) is provided with a first structure (11) which is prismatic in cross
section, and which first structure (11) delimits the duct (10) on a side of the duct
(10) which extends parallel to the first wall (3) and second wall (40), and in
which a second structure (12) is provided which is prismatic in cross section,
characterized in that said second structure (12) is provided on that side of the
second wall (40) which is turned away from the duct (10).

Reflecting device according to one of the preceding claims, in which the first wall
(3) and the second wall (40) are fixed with respect to one another.

Greenhouse comprising a reflecting device according to Claim 23 or 24.

PCT/NL2009/050056
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Fig 4 a

Fig 5
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Fig 6

25

23

~~30

27~

26

22




PCT/NL2009/050056

WO 2009/099331

4/6




PCT/NL2009/050056

WO 2009/099331

5/6

Fig 8a
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Fig 8d
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