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Solar Air Heating Device
Field of the Invention

This invention relates generally to solar powered heating devices, and more
particularly, to modular solar powered heating devices using radiation absorbing
collectors.

Background of the Invention

Most commercially proven solar air heating systems are transpired air panels (i.e. air
flows through the surface of the panel) installed on exterior building walls, to preheat
fresh ventilation air for the building heating system. For example, US Patent No.
4,774,932 to Hollick describes a flat or vertically corrugated panel covered with
perforations, such as holes or slits, and spaced off the south facing building wall.
Solar radiation heats up the absorbent face of the panel and the building heating
system fans pull in the solar-heated boundary layer air that collects on the outside
surface of the panel, through the perforations into the plenum behind the panel, and
then into the heating system intake. This is an engineered system for a large panel
area and high ventilation air flows.

Ambient wind is a significant factor that reduces the efficiency of this system. If the
transpired air flow through the perforations is less than about 2 cubic feet per square
foot of panel, the heated boundary layer air collects on the panel surface and may be
blown away by wind. This is a limiting factor in scaling the system down to small
commercial and residential applications, wherein small panel areas and low solar
heated air flows are required. Another efficiency reducing factor arises from the fact
that the panel is normally mounted on a vertical building wall. This 90° angle to the
ground is not perpendicular to the daily and seasonal sun’s path angle (averages
about the degree of latitude of the installation). Thus some sun radiation is reflected
off the panel and represents a 20% to 25% loss in radiation on the panel, compared

to a panel that is perpendicular to the sun angle over the daily sun path.
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The Hollick transpired air solar heating system has been implemented as a
commercially successful solar air heater, primarily for building ventilation and heating
systems. The only common solar heating systems in residential and small
commercial markets are solar hot water heaters. Solar hot water heating systems
also have several problems. The installation cost is high as professional installation
is required, and even in high utility energy cost locations and with incentives, the
economic payback for the system, based on energy cost savings, takes several
years. This factor also applies to solar air heating systems that have been tried in
residential markets.

Current unglazed transpired solar (UTS) air heaters are disclosed in USP 4,744,932
to Hollick, USP 5,692,491 to Christiansen et al, and USP 7,677,243 to McClenden,
and use the suction side of a ventilation fan to draw in ambient fresh air through the
transpired air panel perforations in the thermal absorbent surface. This also draws in
solar-heated boundary layer air collecting on the solar radiation surface of the panel.
The fresh air and heated boundary layer air are mixed in the plenum behind the
transpired air panel. This is a single pass system and the heating capacity is affected
by ambient wind that will blow heated boundary layer air off the UTS panel.

Glazed transpired solar (GTS) heaters, as disclosed in USP 4,323,054 to Hummel,
USP 7,434,577 to Doherty, USP 4,159,707 to Mique, USP 4,034,736 to Telkes, USP
6,109,258 to Rylewski, and USP 4,090,494 to Borst et al., operate in a similar
method as described above but are more efficient, even with the loss of radiation
transmission through the glaze, because the glaze prevents ambient wind from
blowing the heated boundary layer air off the transpired panel surface as happens on
non-glazed UTS panels. These are also single pass systems.

The porosity of UTS transpired air panels is also a critical factor in the thermal
performance of the system. The Department of Mechanical Engineering, University
of Auckland, New Zealand study entitled Use of Perforated Metal Sheets as Solar
Collectors for Building Space Heating, Aug 2004 shows that the optimum collector
porosity was 0.2% to 0.4% of the total surface area of the panel. Northern
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hemisphere panels use porosities in the range of 1.0% to 2.0%. It was also
recognized that reduced fan suction rates and high wind speeds also affected UTS
collector efficiency.

USP 7,434,577 to Doherty discloses a series of fixed orientation angle flat solar
heated collectors that heat the air flow in stages. Each collector front edge is in
contact with a front glaze panel and the back edge is in contact with the back panel.
The air flow enters the edge of the collector into a series of partitions inside each
collector parallel to the length of the collector and is heated by the thermal
conductivity of the collector. There is no direct air flow contact with heated boundary
layer air on the surface of each collector other than from convection into the air flow
to the next collector inlet. Staged heated air also accumulates under the upper
bottom surface of the next angled collector where it is in contact with the back panel
and out of the air flow path. While this adds bottom thermal conduction heat to the air
flow inside the collector, there is limited mixing of air thermal transmission.

USP 4,159,707 to Miquel, USP 4,034,736 to Telkes, USP 6,109,258 to Rylewski and
USP 4,090,494 to Borst et al. disclose staged adjustable or fixed collectors. Rylewski
discloses transparent collectors with a glaze and back panel in contact with each
collector, but no fresh or recirculating airflow. Telkes and Miquel disclose staged
collectors but the air flow can move past each stage between the glaze and the
collector. Borst discloses a fixed collector plate formed into perforated louvers. Solar
radiation only falls on the tilted front perforated surface to draw solar heated
boundary layer in to the air flow like Hollick. These solar air heaters are also of a

rigid construction.

The successful solar air or water heating product for residential and small
commercial markets should be manufacturable in high volume; flexible and modular
to suit the variety of applications and installations in these markets; simple and easy
to install; easy to ship and store; attractive to suit residential applications; and have a
high solar heating efficiency and a short economic return.
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Summary of the Invention

A modular solar heating module and method of heating air or liquid, or both, with
solar radiation is provided. The module is simple to install, requires almost no
maintenance, and can operate remotely, with or without controls. The module can be
configured in different sizes for different applications, and can be mounted in vertical,
horizontal, or angled planes, to face in the general direction of the sun’s path. The
solar heating module can hang in windows to heat rooms or inside of buildings. The
modules can be mounted on building walls or roofs to supply solar-heated air or
water to the building heating systems. Crop drying, greenhouse heating, and heating
processes are industrial applications for configurations of the modules in larger
sizes. When not in use, the module can be rolled up or folded for storage.

The solar radiation collector module is a plurality of collectors that have solar
radiation absorbing surfaces that collect solar radiation. The collectors may be
adjustable (automatically or manually) to follow the sun’s seasonal and latitude angle
path. Alternatively, a fixed collector embodiment may not need such adjustability.

The collector surfaces in the device are shaped or perforated to collect solar
radiation and heat boundary layer air on each collector. Modular air flow ducting
components are mounted on the solar collector module to direct the air flow through
the collector module by convection or fan means. The arrangement of collectors in
the module is in a staged progression for the air flow to be heated. The solar heated
boundary layer air at each collector adds to the temperature increase of the previous
collector. Re-circulating building or outside ambient air flow through the module
absorbs the solar-heated boundary layer air from each collector and the air flow is
heated in stages as it passes through the collector module. The air circulation
through the module may be adjusted to heat ambient fresh air or re-circulated
building air, or a mixture of both, and directs the solar-heated air flow into or out of a
building.
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A transparent glaze covers the collector module and seals the air flow at the edge of
the collectors. The glaze can be transparent on both sides of the module to allow
sunlight to pass through the module into the room or building. The glaze can also be
preformed with raised surfaces that act as collectors. An installed solar heating
device can be increased in size by adding more modules.

An embodiment of the solar air heating module has collectors with piping that carry
liquid through the collector module. The solar radiation heats both the air and liquid.
The air flow through the device adds additional heat to the liquid.

This invention is a modular solar heating device and method of heating air or liquid,
or both, with solar radiation. After installation, the solar heating capacity of the device
can be reduced or increased by removing or adding modules. The device is simple
to install, and requires minimal maintenance.

The device uses solar radiation to thermally heat air on radiation absorbent surfaces
of aligned collectors that face or track the sun within a module. This surface heated
air, referred to herein as boundary layer air, increases in depth on the surface as the
solar radiation builds up and also reflects back through the air layer. The air flow
movement of either outside ambient fresh air, recirculated building air, or a mixture of
both, sweeps up the boundary layer air on the collectors and creates a flow
temperature rise. The solar heated boundary layer air (heated air on the surface of
the collector created by the sun radiation) on the thermal absorbent surface of a
transpired air solar collector can be used to heat the solar heater air flow in staged
passes through multiple collectors.

A solar air heater is provided, including: a series of aligned solar radiation absorbing
collectors; the collectors enclosed in a front transparent film on a first side facing the
sun and a back film on a second opposed side; the front and back films in contact
with the edge of each aligned collector; wherein an air flow passes through the
collectors between the first and second films, the air flow mixing with air on a
radiation absorbing surface of the first side of each collector and carrying the mixed
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heated air to an adjacent collector; and a duct to flow the air flow into a space to be
heated.

A gear assembly may be used for rotating the collectors to face the sun. The front
and back films may be flexible and have projections to align and retain the solar
collectors in position.

The collectors may be a plurality of conical projections formed or moulded in a
surface of the back film. Alternatively, each collector may have a series of tapered
fins facing the sun, the tapered fins having side wall surface areas and the collector
having slots in the tapered fins to allow air to move through the collector and collect
heated air.

The collectors may be generally cylindrical. Alternatively, the collector shape may be
of a thin material formed into a semicircular shape and the collectors have
perforations allowing air to move through the collectors. Yet further alternatively, the
collectors may be generally flat and have openings to allow air to move through the
collector; and the spacing of the front film from the back film may be adjustable, so
that the front film and back film contact the collector.

A surface of the collectors facing the solar radiation may have a series of tapered
fins that have tapered sides. The collectors may be attached to and pivot on the
back film plane.

The collectors may be cylindrical and have a plurality of tapered fins spaced apart on
the longitudinal axis of the collector to allow air to move through each collector
between the fins and the front and back films.

The collectors may be arranged in a vertical series and each of the collectors may be
mechanically connected to an adjacent connector such that the collectors are
adjustable in unison, in orientation of the collector longitudinal axis to the solar
radiation.
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The collectors may be adjustable by motorized means to align the collectors at an
angle to the sun. The collectors may be made from a solar absorbent material or
coated with a solar radiation absorbing material, and the collectors may be made of
a material sufficiently rigid to maintain a shape and position.

The collectors can be drawn into a compact closed series relationship.

A tube may be mounted to a solar radiation absorbing surface of each collector, each
of the tubes connecting to an adjacent tube on an adjacent collector forming a series
of tubes, the series of tubes having an exit and an entrance into the solar air heater;
the series of tubes carrying a liquid to be heated by thermal conduction from the
solar absorbing surface of the collectors and the thermal convection from the air flow.

A solar air heating module is provided including an air entrance situated proximately
to a bottom of the module and an air exit situated proximate the top of the module; a
back film, having a plurality of conical solar collectors extending perpendicularly
therefrom; a front film in contact with the collectors to prevent air from escaping
between the entrance and the exit; wherein air, when entering the entrance, passes
by the collectors to mix with heated air before reaching the exit.

General Description of the Drawings

Fig. 1A is a perspective view of an embodiment of a module of a solar air heating

device according to the invention in a vertical position.

Fig. 1B is a perspective view of an embodiment of a module having built-in fans.

Fig. 2 is a perspective partially exploded view of a module shown in Figure 1A.

Fig. 3A is a perspective partial view of an embodiment of a module according to the
invention and the collectors therein.
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Fig. 3B is a perspective partial view of cylindrical collectors according to the
invention having gears.

Fig. 4A is a cross sectional view of an embodiment of a collector according to the
invention.

Fig. 4B is a partial perspective view of another embodiment of a collector according
to the invention.

Fig. 4C is a cross sectional view of another embodiment of a collector according to
the invention, wherein the collector has tapered fins.

Fig. 4D is a partial perspective view of another embodiment of a collector according
to the invention wherein the collector has a semicircular shape.

Fig. 4E is a partial perspective view of another embodiment of a collector according
to the invention wherein the collector has a cylindrical shape with tapered fins.

Fig. 4F is a cutaway view thereof taken along the lines F-F.

Fig. 4G is a partial cutaway view thereof taken along the lines G-G.

Fig. 4H is a partial perspective view of an alternative embodiment of a collector
having a plurality of conical members.

Fig. 5 is a front perspective view of an embodiment of a solar air heating module
according to the invention, in a horizontal position.

Fig. 6 is another embodiment of a solar air heating module according to the
invention, wherein tubes are attached to each connector.
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Fig. 7 is a perspective view of a partially disassembled embodiment of the invention
wherein a film supports the solar collectors.

Fig. 8A is an exploded perspective embodiment of a module according to the
invention wherein collectors are fixed to the back panel.

Fig. 8B is a partial view thereof showing the collectors in detail.

Detailed Description of the Invention

As seen in Figure 1A solar collector module 10 (which may be part of a larger solar
collector device or may act as a solar heating device on its own) may be positioned
vertically on a surface, such as an exterior wall. Module 10 can operate in a
horizontal or vertical position and at any slope or angle to the sun's path. The width,
length, and thickness of module 10 is adjustable to suit installation, air flow, and
heating capacity requirements.

The module 10 as shown in Fig. 1A is connected to external ducting and extraction
fans (not shown). Duct hoods 20, 22 are mounted, respectively, on top end 12 and
bottom end 14 of solar collector module 10, and direct fresh outside air or recirculate
building air through module 10 either into, or away from, a duct or other air passage.
Module 10 is hung from a wall or ceiling by hooks 30 attached to hood 20, or
alternatively, may be mounted directly on a wall or roof with tie-downs. More collector
modules 10 can be added by joining modules together with connectors 40 attachable
to duct hoods 20, 22. The unheated fresh or recirculated air flow direction is also
reversible in this solar air module 10. Module 10 contains a plurality of aligned solar
collectors 80.

As seen in Figure 1B, built-in electrical fans 50 may be incorporated in duct hood 20.
Electricity for built-in fans 50 may be provided from a photovoltaic panel or other
electrical power source. In the embodiment shown in Fig. 1B, duct hood 22 on the air
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flow inlet has an air inlet 60, such as an adjustable intake vent with a baffle (not
shown) that may be set for interior or exterior air, or a mixture of both.

Rather than being part of air inlet 60, the baffle may be an adjustable two-way baffle
within an air duct to control air flow, and heat outside fresh air or inside recirculated
air, or a mixture of both, for building heating. In this embodiment of the invention, the
module 10 may hang inside a window that is open a few inches at the lower sill to let
fresh air into the room. Inlet 60 may be on the solar radiation side and also
positioned facing the inside of the room. A baffle in this module 10 has means to
open or close the inlet on either side to allow outside air only, inside air only, or a
mixture of both. This provides a means to insert fresh air into the room, recirculating
air flow, and mixing the two sources for a better room environment.

As shown in Figure 2, collector module 10 has a transparent glaze 70f on the side 18
facing the sun and panel 70b, which can be either a transparent glaze or opaque
panel, on the opposite side 19 of module 10, facing away from the sun. Glaze 70f
and panel 70b can be solid or flexible, and cover the solar collectors 80 in module 10
(as seen in the cutaway portion of Figure 2). In the embodiment shown in Figure 2,
collectors 80 and glaze 70f are secured to retaining brackets 90, 92 that attach to
duct hoods 20, 22, respectively.

As seen in Figure 3A module 10 includes a plurality of collectors 80 organized
approximately parallel in a bank. Glaze 70f, a portion of which is shown, covers
collectors 80. There are many different embodiments of collectors 80 that can be
used in module 10. Each collector 80 has an absorbent coating or material and
colour to capture solar radiation as heated boundary layer air 180 on the surface of
the collector. In another embodiment of this invention, collector 80 has a reflective
surface to concentrate sun radiation onto a surface or tube. Collector 80 can be
metal, plastic, or other material, and retains sun radiation through surface
absorptivity, material thermal conductivity, and surface indentations or perforations.

10
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Collectors 80 may be made of a variety of materials with low thermal conductivity, or
metal, and may have radiation absorbent coatings to collect solar heated boundary
layer air. The important features of the material of collector 80 are that it be able to
retain a shape and a solar absorbent coating. Examples include metal, plastic,
wood, concrete, fabric, composites, and even paper.

The bank of collectors 80 can be fixed in a stationary position or adjustable so that
their surface planes are normal to the sun angle. Means of adjusting collectors 80
include a pivoting connector 110 with a chain or the like, or straps 120 to adjust all
the collectors 80 in module 10 together and in alignment.

The collectors 80 can track the sun movement by manual or motorized means in
either a horizontal or vertical orientation to increase the solar radiation on the
collector surfaces and increase seasonal efficiency. The Natural Resources Canada
Clean Energy Project Analysis Software as used on a mode! of this invention shows
the following seasonal nine month estimated performance for flat plate collector
model located in Vancouver Canada (49.2 °North Latitude).

[RETScreen Energy Model Vancouver BC Canada 9 months per year operation 2.8 sq m Collector

Angle of Horizontal Daily Solar Heat Alrflow Temp Seasonal Emiciency
Collectors Daily Radlation Delivered through Average efficlancy change over|
Radlation  Tilted 9 mon heater Rise % 90° position
dogrees  kWhim2/d kWh/im2/d MWh CFM °'C Eff change |
SIS-F32.8 80 3.34 2.57 1 179 20.3 30.2 %change
3m2 S0m3/hr 49.2 NLat 3.34 3.65 1.2 17.9 224 36.3 20.2%
Motorized tracking  1-dir vert 3.34 4.81 1.3 17.9 20.6 374 23.8%
2-dir vert/hor 3.34 4.97 1.4 17.9 237 M5 37.4%

Seasonal efficiency of the solar air heater increases if the collectors are angled to
the angle of latitude normal to the sun. Motorized tracking collectors can follow the
daily sun path and can also increase the seasonal efficiency over 30% compared to
a vertically fixed solar air heater.

Collectors 80 are each connected to adjacent collectors 80 and are secured in

position at side rails 85 with hinged plates 100, 110 on a first side, and, via a flexible
strap 120, or other pivoting means on a second side.

11
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Plates, 100, 110, strap 120, and flexible glaze 70f, and back panel 70b, allow module
10 to roll up or be folded up so that the collectors are drawn into a compact closed
series relationship. Thus module 10 is portable, and may be stored easily when not
in use and hung up when heating is required. Also, module 10 may be aligned
horizontally while collectors 80 are aligned vertically providing a horizontal air flow
that can be rolled sideways in a window or southern facing building wall.

As seen in Figure 3B collector 80 may be cylindrical and have a gear 130 at end 84
of collector 80. Idler gear 135 and gears 130, with a cable, chain, or other means,
can be used to adjust the angle of the faces 86 of the collectors 80 to be
approximately perpendicular to the angle of the sun above the horizon. The angle
adjustment can be done manually or via motorized means and can use a sensor to
follow the sun's path. In other embodiments of this invention, the collectors 80 in
module 10 are vertically placed and follow the sun’s daily azimuth path from east to

west.

Gears 130 connected to each collector 80 can be set to a different orientation than
that of an adjacent collector 80. This provides a module 10 that has different heating
characteristics for different sun angles or daily sun position.

As shown in Figure 4A, collector 80a may have tapered fins 140 that face the sun at
an angle 200. Fins 140 have tapered walls 150 that provide more wall surface of fin
140 to the sun's rays 155. This projected surface area of collector 80a is much larger
than the width times length area of collector 80a. This projected surface area
captures solar radiation as a heated boundary layer air 180 between fins 140, and on
the tapered walls 150 of the fins 140. Slots 170 allow fresh or recirculated air flow
160 from duct hoods 20 or 22 and through collector 80a. As the air flow 160 passes
through the collector 80a, it picks up the heated boundary layer air 180 on the
tapered walls 150. The boundary layer air 180 mixes with the air flow 160 and the air
flow 160 increases in temperature.

12
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The tapered fins 140 of collector 80a increase the projected width of collector 80a
normal to the solar radiation. The generally circular cross section shape also seals
against the front glaze 70f and back panel 70b, to keep the air flow 160 within
module 10, regardless of the angle of the collector 80a normal to the sun angle. ina
4 inch diameter x 48 inch long collector 80a, the normal plane area of 1.33 square
feet with 23% open air flow area, has a projected area of 11.53 square feet of solar
radiation heated boundary layer air 180.

Glaze 70f prevents ambient wind from blowing the heated boundary layer air 180 off
collector 80a. The front glaze 70f and back panel or glaze 70b are in contact with
each collector 80a to direct the air flow 160 to be heated through each collector 80a
in sequence as the air flow moves through the collectors 80a from an air inlet to an
air outlet. The moving air flow 160 collects and mixes with the heated boundary
layer air 180 on each collector 80a. If module 10 is mounted on a building wall, the
air flow 160 will also pick up the building heat loss through the wall behind module
10. This heat loss may be significant in non-insulated buildings.

In this embodiment of this invention, the front glaze 70f and the back panel or back
glaze 70b seal against the edges 190f and 190b, respectively, of each collector 80a
to direct the air flow 160 through each collector 80a. In the case of transparent
glazes on the front glaze 70f and back panel 70b of module 10, this allows solar
radiation to heat the boundary layer air 180 on the collectors 80a and also pass light
into the room or enclosure behind module 10. With an opaque or dark coloured
radiation absorbing surface back panel 70b, the heated boundary layer air 180 adds
to the mix with the air flow 160 in each module 10.

In the embodiment of this invention wherein the horizontally or vertically arranged
collectors 80 are cylindrical, the outer circumference of the collector has fins 140 or
another surface that is in contact with front glaze 70f and another portion 190b of
collector 80 that is in contact with back panel 70b. As the cylindrical collector 80 is
rotated to the most efficient position normal to the sun angle the seal s maintained.

13
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In an embodiment with flat collectors 80, after the rotated angle to the sun is set, the
distance between the front glaze 70f and back panel 70b is adjusted by narrowing or
widening the distance between the glaze/panel edges 70f, 70b of module 10, to seal
the collector edges 190f, 190b and air flow 160.

In another embodiment of this configuration, the collectors 80 are attached to the
back film 70b and a chain or other means may be connected to each collector 80to
adjust the normal angle to the sun.

The air flow 160 direction may also be reversible. However, typically air flow 160 is
directed in the same direction as the heat convection flow.

As seen in Figure 4B, collector 80b may be substantially two dimensional. In this
configuration, the face 85 of collector 80b is at an angle 200 to the sun and the air
flow 160 passes through slots 170 (or perforations) in collector 80b to pick up the
heated boundary layer air 180 on collector surface 85

As seen in Figure 4C collector 80c may be extruded or moulded in a flat shape
having tapered fins 146 with sides 155 to project a greater surface area to the sun
radiation. Air flow 160 flows vertically through collector perforations 170 and mixes
with heated boundary layer air 180. After the collectors 80c are adjusted to an angle
200 to the sun, glaze 70f and back panel or glaze 70b are adjusted by manual or
automatic means so the glazes 70f, 70b meet and seal each collector 80c at 190f
and 190b, respectively, to direct the air flow 160 through each collector 80c in
stages, and thereby eliminate bypass.

As shown in Figure 4D, collector 80d may be formed into a semicircular shape
having an open section 165 containing a parabola 167 oriented towards the sun.
Perforations 170 allow the air flow 160 to flow through collector 80d and mix with the
heated boundary layer air 180. The hollow form of collector 80d reflects the sun
radiation into side walls 185. This collector 80d shape may be fixed at an angle in

the collector bank, or follow the sun angle via manual or motorized means.

14
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The formed centre portion 205 of collector 80 can also hold a tube line 210 that runs
through collectors 80d to heat a liquid such as water. In this embodiment, the solar
air heating device 10 can heat water and air at the same time. Each collector 80d
adds more thermal conductive heat to the liquid in tube 210 from the convection or
fan moved heated air flow 160.

As seen in Figures 4E, 4F, and 4G, another embodiment of a collector 80e for use in
module 10 is a three dimensional cylindrical solar collector with a series of circular
tapered fins 145 projecting from the circumferential surface of collector 8Qe, resulting
in a surface area 150 that is larger than the length by diameter surface of collector
80e. An advantage of collector 80e is that, when stationary, it projects the same
surface area to the sun regardless of the daily sun angle from sunrise to sunset. The
fresh or recirculated air flow 160 through collector 80e fins 145 picks up heated
trapped boundary air 180 between the fins 145. The area of collector 80e opposite
the sun 220 on the collector varies depending on the sun angle 200.

The shape and surface texture of collector 80e increases the projected surface area
of the collector 80e normal to the sun and increases the heated boundary layer air
180 volume for mixing with the solar heater air flow 160.

The fins 140, 145 of collectors 80a and 80e, spaced along and perpendicular to the
axis of the collector, provide that at any sun angle above the horizon, the normal
plane of the stationary circular collector 80a, 80e facing the sun is the same tapered
fin area less the shadow projection of the collector core. Air flow 160 through the
collector fins 140, 145 is mixed with solar heated boundary layer air 180 on the fins
140, 145.

A series of stationary horizontal collectors 80, such as collectors 8oa and 80e, can
be used to track the annual seasonal sun angle above the horizon. A series of
stationary vertically positioned, cylindrical collectors 80 can track the daily sun
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movement from east to west. Therefore, a manual or motorized means to change the
collector angle normal to the sun radiation is not required for efficiency.

Figure 4H shows an embodiment of collector 80f wherein the surface of collector 80f
includes a plurality of cones 290 in contact with the front film 70f and back panel 70b.
Cones 290 are made of a solar radiation absorbing material and/or have a solar
absorbing coating. The air flow 160 passes through cones 290 and absorbs solar
heat. from the sun.

A horizontally placed module 10 is shown in Figure 5. In this embodiment, collectors
80 are hung vertically from track 230 within glaze 70f. Inlet duct 240 directs air flow
160 horizontally through the collectors to outlet duct 250.

Collectors 80 can be motorized to follow the daily sun path from east to west or can
be stationary collectors, such as collectors 80e, and are placed in module 10 to
collect solar radiation. Alternatively, collectors 80 can open and close like a window
curtain by drawing the collectors 80 in a direction along upper track 230 into a rolled
container (not shown) at one end of module 10 when not in use.

An embodiment of the invention that can be used to heat water or other liquids is
shown in Figure 6. Tube 260 is attached to each flat collector 80 and connected to
tube 260 on the adjacent collector 80 by fixed or swivel means. Collector 80 is
mounted behind the front glaze 70f on the tube 260 to pivot and adjust to the sun
angle by manual or motorized means. If the liquid entering through inlet 270 and air
flow 160 flow in the same direction within module 10, then the heated air flow 160
adds heat to the liquid in tubes 260 until the liquid reaches outlet 280, which may
direct the water flow to an insulated storage tank (not shown). Thus the module 10
can heat water and store the liquid in an insulated tank during the day. At night a
pump on the storage tank can pump hot water through module 10 and the building
recirculating air flow in module 10 can pick up heat from tubes 260 and provide
building heat at night.
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Tube 260 can have a solid, rotatable, or flexible connection between the tube 260
adjacent to collector 80 and the tube 260 on the neighbouring collector 80. The
collector 80 at each stage can use tube 260 as an axis to rotate the face of collector
80 to an angle normal to the sun. Tube 260 can also be a solid connected line that
moves in the module 10 when the collectors 80 are rotated.

Collectors 80 transfer solar heated boundary layer air 180 heat on the collector 80
surfaces to the metal tube 260 by thermal conduction. The heated air flow 160 from
the previous collectors 80 also transfer additional thermal convection and conduction
heat to tube 260 and the liquid flowing in the tube 260. The heated air flow 160 and
the liquid flow in the tube 260 generally move in the same direction to gain
temperature.

In summer, the heated air may be ducted outside the building. In another
embodiment, the heated liquid from a storage tank is recirculated back through the
module 10 to transfer heat back to the collectors 80 to provide night or overcast day
recirculated air heating for a room or building.

As shown in Figure 4D a perforated circular metal collector 80d may be clipped on
tube 260. A chain or other means can adjust the collector 80d angle to the sun by
rotating the collector 80d on the tube.

As shown in Figure 7, films 70f, 70b, in contact on opposite sides of each collector
80e, may be rigid and formed or moulded to support the solar collectors 80 in stages.
Films 70b and/or 70f may be shaped to hold and position each collector 80e. In
another embodiment collectors 80 can be moulded or formed directly in films 70f or
70b. The solar radiation passes through front film 70f, and heats the boundary layer
air 180 on each collector 80e. The air flow 160 enters the inlet in film 70b or 70f and
projects solar heated air 160 to the outlet in film 70f or 70b. The front and back
formed films 70f, 70b are sealed together around the edges of collector 80e. A fan 50
can be added to the outlet to increase air flow.
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Figures 8A and 8B show an embodiment of the module 10 wherein back film 70b
includes a moulded or formed piurality of cones 290 (similar to those discussed
above in reference to Figure 4H), made of solar radiation absorbing material and/or
having a solar absorbing coating, projecting from the film 70b surface. Air flow 160
entering from entrance 292, absorbs the solar radiation as boundary layer air 180 on
the cones 290, until reaching exit 294.

The collectors shown in Fig. 8B (and 4H) may be conical, frustoconical, pyramid
shaped or another tapering shape having a base with an area larger than the
endpoint.

Modules 10 are modular and can be used with air ducts, fan ducts, and as solar
collector banks in different sizes for different applications. It is thus possible to
increase or decrease the solar heating surface of an installation at low cost. In a
typical embodiment, the components of module 10 provide flexibility in adapting the
solar air heater to an installation requirement. The width of module 10 can be sized
to suit windows, doors, and other openings or wall mountings. The length of module
10 can be shortened or lengthened by removing or adding collectors 80. Connectors
40 can join modules 10 together to increase surface area and heating capacity.
Collector assemblies and collector shapes can be changed to increase or decrease
heating capacity or spaced to allow more light through the solar air heater.

Duct hood mountings 20, 22 can be used to make solar collector bank connections
to plenums and large multi-duct HVAC systems. Duct hoods 20, 22 may have
integral fans 50 to produce the air flow 160 through the solar air heater collector
module 10. A fan duct hood 20 can be mounted on the solar collector module
inlet/outlet openings 292, 294 to change the direction of the air flow 160.

An advantage of module 10 according to the invention is that the transpired solar air
panel absorbing solar radiation is a series of horizontally or vertically placed
absorption collectors 80 wherein fresh or recirculated air 160 is pulled through the
collectors 80 to mix with the surface solar heated boundary layer air 180. This is the
opposite air flow direction of current UTS and GTS solar air heaters.
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The depth of heated boundary layer air 180 increases because it is stationary on the
collector 80 surface. There is better mixing of heated boundary layer air 180 and air
flow 160 because perforations do not restrict air flow volume. As the air flow 160
moves through the series of collectors 80, more heat is added by solar boundary
layer air 180 at each collector 80. A experiment of the invention using a four foot x
eight foot solar air heater with twenty-three flat horizontal collectors 80b, angled at
49° normal to the sun, in a vertical assembly glaze envelope, each three and three-
quarter inch x forty-eight inch collector had 24% free area openings in the total 28.75
square foot collector area. The experiment occurred on January 19, 2011, in the
Vancouver area, Canada, Latitude 49.2°N. At 1:30 pm monitors showed ambient
and solar heater intake temperature was 17.5 °C (63.5 °F) and solar air heater outlet
temperature was 24.9 °C (76.8 °F). The weather was partially overcast with sunny
periods and partially sunny at the time of the monitor reading. The measured outlet
air flow from five inch diameter inlet and outlet ducts was fourteen cubic feet per
minute. This was a convection air flow rate as no circulation fan was present.

This experiment indicated that flat or shaped absorbing collectors 80 in modules, as
described in the embodiments of the invention, provide several advantages. The
large free area provides for lower air resistance and convection air flow 160 through
module 10, which increases with increased solar radiation heating. This invention
can operate without an electric fan by using convection. With a fan 50, increasing
solar temperature increases the total convection and fan 50 air flow 160 rate. The
total air flow 160 rate drops when the solar temperature drops.

The above-described embodiments have been provided as examples, for clarity in
understanding the invention. A person of skill in the art will recognize that
alterations, madifications and variations may be effected to the embodiments
described above while remaining within the scope of the invention as defined by the
claims appended hereto.
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Claims

| claim:

1. A solar air heater comprising:

a series of aligned solar radiation absorbing collectors;

the collectors enclosed by a front transparent film on a first side facing
the sun and a back film on a second opposed side;

the front and back films each in contact with a front and back edge of
each aligned collector; the collectors being movable within the enclosure defined by
the front film and the back film;

wherein an air flow entering through an air inlet passes through the
collectors between the front and back films, the air flow mixing with air on a radiation
absorbing surface of the first side of each collector and carrying the mixed heated air
to an adjacent collector; and

an air outlet to flow the air flow into a space to be heated.

2. The solar air heater of claim 1 further comprising a gear assembly for rotating
the collectors to face the sun.

3. The solar air heater of claim 1 wherein the front and back films are flexible.

4. The solar air heater of claim 1 wherein the front and back films have
projections to align and retain the solar collectors in position.

5. The solar air heater of claim 1 wherein the collectors are a plurality of conical
projections formed or moulded in a surface of the back film.

6. The solar air heater of claim 1 wherein each collector has a series of tapered

fins facing the sun, the tapered fins having side wall surface areas and the tapered
fins having slots allowing air to move through the collector and collect heated air.
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7. The solar air heater of claim 4 wherein each collector is generally cylindrical.

8. The solar heater of claim 1 wherein each collector shape is of a thin material
formed into a semicircular shape and the collectors have perforations allowing air to
move through the collectors.

9. The solar air heater of claim 1 wherein the collectors are generally flat and
have openings to allow air to move through the collector; and the spacing of the front
film from the back film is adjustable so that the front film and back film can contact
the collector independent of the angle of the collector to the front and back films.

10. The solar air heater of claim 9 wherein a surface of the collectors facing the
solar radiation has a series of tapered fins that have tapered sides.

11.  The solar air heater of claim 9 wherein the collectors are attached to and pivot
on the back film plane.

12.  The solar air heater of claim 1 wherein each of the collectors are cylindrical
and have a plurality of tapered fins spaced apart on a longitudinal axis of the
collector to allow air to move through each collector between the fins and the front
and back films.

13. The solar air heater of claim 1 wherein the collectors are arranged in a vertical
series and each of said collectors is mechanically connected to an adjacent collector
such that said collectors are adjustable in orientation of the collector longitudinal axis
to the solar radiation in unison.

14. The solar air heater of claim 13 wherein the collectors are adjustable by
motorized means to align the collectors at an angle to the sun.
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156. The solar air heater of claim 1 wherein the collectors are made from a solar
absorbent material or coated with a solar radiation absorbing material, and the
collectors are made of a material sufficiently rigid to maintain a shape and position.

16. The solar air heater of claim 1 wherein the collectors can be drawn into a
compact closed series relationship.

17.  The solar air heater of claim 1 wherein a tube is mounted to the first side of
each collector, each of the tubes connecting to an adjacent tube on an adjacent
collector forming a series of tubes, the series of tubes having an exit and an
entrance into the solar air heater; the series of tubes carrying a liquid to be heated by
thermal conduction from the collectors and thermal convection from the air flow.

18.  Asolar air heating module comprising:

a) an air inlet situated proximate to a bottom of the module and an air
outlet situated proximate to a top of the module;

b) a back film, said back film a having a plurality of conical solar
collectors extending perpendicularly therefrom;

¢) a front film, said front film in contact with said collectors, to prevent
air from escaping between the inlet and the outlet;

wherein air, when entering the entrance, passes by the collectors to
mix with heated air before reaching the exit.

22



WO 2012/135962 PCT/CA2012/050224

117

SUBSTITUTE SHEET (RULE 26)



WO 2012/135962 PCT/CA2012/050224

2117




WO 2012/135962 PCT/CA2012/050224

317

70f<




WO 2012/135962 PCT/CA2012/050224

4117




WO 2012/135962 PCT/CA2012/050224

517

‘L ]
"1.‘\,-“

u?,‘.q \ -

: ‘/ "l‘\,Y*l -
-—
W
Q

L
Q
W
vy

le T




WO 2012/135962 PCT/CA2012/050224

617

160

w || ATt It




WO 2012/135962 PCT/CA2012/050224

7117
\ 200
.’.\.: ................................
N\, 70f 70b
.\‘ : E
E 160
170
lT\lT LT i1 "‘“//
= //“\

>, LS
L — %
t—r— — //
%ﬁ&%’ S
F’ F

m/f(nnnn

7

Fig. 4B



WO 2012/135962 PCT/CA2012/050224

817

LR

190b

70b

lT ] lT )

Fig.4C



WO 2012/135962 PCT/CA2012/050224

9/17

élluln ; 70b
;10 :

200 \,

\ 80d
\,

167

R o+



WO 2012/135962

10/17

PCT/CA2012/050224

70f

160

ST

’

.

il i

160

SUBSTITUTE SHEET (RULE 26)

Oe

/
N

A
Y
.,
.
e
.
)
s,
A
~,




PCT/CA2012/050224

WO 2012/135962

1117

ILKHLKES

\ ./‘,,’ AN <.
QAR
SELIIK K KK
SRR

O
LRKIRRKERS
KRARRE

N l’l G l,/ .
S RREEE
N ,

-

80e

70b

Fig. 4G



WO 2012/135962 PCT/CA2012/050224

1217

80f

Fig. 4H



WO 2012/135962 PCT/CA2012/050224
13/17

-~
4

[FE=ssss=sssssssssssssssssas

===ssss=EsssEssdesssssssszzsz=ashsssss:

gss5sd

= E35a3

SRl bt a‘-!’- ", gt =t= -f= -f-ia == = ===t~




WO 2012/135962

22

PCT/CA2012/050224

14/17

— 260

!
‘-L\A_&.a 4.”_\4,. I

I SRR R

i __70f

1| 160




WO 2012/135962 PCT/CA2012/050224

15/17




WO 2012/135962

70f —1——

16/17

.,

A ACAANA
PLREY
b yRein
-

Tfore~
- s
LA

>

ALY H
4{,.5,,1’"'. L
a4 ,.,';,‘
v

s

et
L0
it

[

PCT/CA2012/050224




WO 2012/135962 PCT/CA2012/050224

17117

Fig. 8B



INTERNATIONAL SEARCH REPORT International application No.

PCT/CA2012/050224

A. CLASSIFICATION OF SUBJECT MATTER
IPC: F24J 2/05 (2006.01) , F24J 2/20 (2006.01) , F24J 2/24 (2006.01) , F24J 2/38 (2006.01)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC (2006.01): F247J 2/xx

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)
Epodoc, Internet

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 4,304,218 A (KARLSSON, JON) 8 December 1981 (08-12-1981) 18
*see figure 3 and column 2, line 18 to column 3, line 50*
Y 1.2, 15 and 16

Y US 2007/0199562 A1 (DOHERTY, PAUL M.) 30 August 2007 (30-08-2007)
*see whole document*

1,2,15and 16

A JP 60-120143 A (KITAGAWA, KUNIAKT) 27 June 1985 (27-06-1985) 1-18
*see abstract and figures*

A US 4,090,494 A (BORST et al.) 23 May 1978 (23-05-1978) 1-18
*see whole document*

A CA 1,196,825 A (HOLLICK, JOHN C.) 19 November 1985 (19-11-1985) 1-18
*see whole document™

[ 1 Further documents are listed in the continuation of Box C. [X] See patent family annex.

* Special categories of cited documents : “T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

“A” document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
“X” document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” document which may throw doubts on priorig claim(s) or which is document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
being obvious to a person skilled in the art
document referring to an oral disclosure, use, exhibition or other means
“&”  document member of the same patent family
“p” document published prior to the international filing date but later than

the priority date claime

Date of the actual completion of the international search Date of mailing of the international search report

16 July 2012 (16-07-2012) 25 July 2012 (25-07-2012)

Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 001-819-953-2476

Kristian MacKenzie (819) 934-4267

Form PCT/ISA/210 (second sheet ) (July 2009) Page 3 of 4




INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2012/050224

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

| ] Claim Nos. :

because they relate to subject matter not required to be searched by this Authority, namely :

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

The claims are directed to a plurality of inventive concepts as follows:

Group A - Claims 1-17 are directed to a solar heater comprising collectors which are moveable within an enclosure defined by a front and
a back film wherein an air flow entering through an air inlet passes through the collectors between the front and back films.

Group B - Claim 18 is directed to a solar air heater having an air inlet proximate the bottom of the module, a back film having a plurality
of conical collectors and a front film to prevent air escaping between the inlet and outlet.

1. [ ] Asallrequired additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. [X] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. | ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009) Page 2 of 4




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/CA2012/050224
Patent document Publication  Patent Family Publication
Cited in Search report Date Member(s) Date
US4304218 A 08-12-1981 - -
US2007199562 Al 30-08-2007  WO02007100819 A2 07-09-2007
W02007100819 A3 10-01-2008
CA2643573 Al 07-09-2007
CA2643573 C 17-11-2009
US7434577 B2 14-10-2008
JP60120143 A 27-06-1985 - -
US4090494 A 23-05-1978 - -
CA1196825 Al 19-11-1985 - -
Form PCT/ISA/210 (patent family annex ) (July 2009) Page 4 of 4




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report

