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(57) Abstract: In the invented active type
textile based air heater solar collector, a
black textile surface (fabric) has been used
instead of black metallic, ceramic, plastic
or composite plates, and passing of the air
to be heated through this textile surface
has been succeeded. The movement of the
air in the collector and the transportation
to the space to be heated or drying medium
is provided by a fan which is connected to
output or input side of the collector. It is
also possible to connect 2 fans both input
and output sides of the collector. In order
to enhance the airflow through the hot fab-
ric, the fabric is placed on a fabric support
(7) with a high air permeability, in the
rectangular-prism shaped collector box, in
which the fabric is placed to the base (2) at
the inlet side (4) and is diagonally ascend-
ed to the outlet side (5), where it is in con-
tact with the transparent surface (3) while
the cold air inlet (4) is situated above the
fabric and the hot air outlet (5) situated un-
der it.
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TEXTILE BASED AIR HEATER SOLAR COLLECTOR

This invention relates to textile based solar collector that ensures hot air production for heating

or drying operations.

Background of the invention:

Fossil-based fuels are not renewable resources and therefore they will run out after a certain
period of time. On the other hand, the global warming occurring by the greenhouse effect due to
carbon dioxide emissions generated by the combustion of fossil-fuels has increased the
importance of the alternative energy resources.

Solar energy has the easiest and most common available use in the renewable and clean
energy sources such as hydroelectric, solar, wind, geothermal, etc.

Even the solar collectors that enable water heating already have a common use, the solar air
heating for space heating and drying purposes are not widespread because of the lower
ei‘ficiency of these types of solar collectors.

Air heater solar energy collectors are based on a black-colored metallic, plastic, ceramic or
composite plate; placed inside a box in the form of a rectangular prism made of metallic, plastic
or composite material. The back and side surfaces of the rectangular box are insulated and the
upper surface (sun seeing surface) is covered with a normal or special glass, polycarbonate or
other transparent layer.

The black plate heated by the absorption of high-IR radiation of sun rays, heats the air to a
limited extent in the box, in which a green house effect occurs. On the other hand, especially in
case of moving air, this is the case in the air heater collectors; the actual heat transfer takes
place by convection.

In the heating through convection, the amount of heat transfer rate is proportional to the surface
area of heat transfer. Thus, the majority of the development works and granted patents
regarding air heater solar collectors are intended to increase the contact surface area between
the air and hot black plate. The heat transfer efficiency is aimed to be increased by several
constructions by providing the contact of the air with the both sides of the black plate, using
finned plates of one or both sides, perforated plates or special black plates with rough surface
structures, creating a meander type passing route for the air to extend the contact path with the

hot plate, placing of metallic networks between the transparent layer and the black plate, etc.

The purpose of the invention:

The purpose of the invention is to increase the heat transfer rate from the black absorber plate
to the air to be heated.

The heat transfer equation is:
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Q:A‘“'(TP_TA) (1a)
A
a—; (1b)

where,
Q is the heat transfer rate,

A the surface area participating to the heat transfer (m?),
a the heat transfer coefficient (W/m3K),

T, the temperature of the black plate (K),
T, the temperature of the air to be heated (K),

2 the thermal conductivity at the boundary layer (W/mK) and
h the thickness of the boundary layer.

The surface area of the heat transfer is equal to the surface area of the plate, in case of an air
flow parallel to one face of the hot plate. On the other hand, when the air flows by contacting
both faces of the plate the heat transfer area doubles.

In case of laminar flow parallel to the surface of the black plate, none of the air flow elements
are perpendicular to the surface of the plate, and therefore, the air boundary layer (k) to be
overcome by convection reaches the maximum thickness and the heat transfer coefficient ()
is less than 50 W/m?K. Hence, as aforementioned in the “background of the invention” section,
a number of constructions were developed and patented to increase the heat transfer surface
area (4) and to reduce the thickness of boundary layer (/ ), but none of them could provide the

optimum heat transfer rate.

Description of the invention:

To reach the objective of the invention, textile based air heater solar collector have been
schematized in the attached figures, and these figures present the following:

Figure 1-The front view of the textile based air heater solar collector

Figure 2-The side view of the textile based air heater solar collector

The units in the figures have been numbered and shown below:
1) Collector outer body
2) Surface of the collector insulation
3) Transparent surface
4) Cold air inlet
5) Hot air outlet
6) Fabric
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7) Fabric support
8) Collector insulation

In this invention, a black textile surface (fabric) (6) has been used on an active type air heater
solar collector instead of black metallic, ceramic, plastic or composite plates, and passing of the
air to be heated through this textile surface has been maintained. The movement of the air in
the collector and the transportation to the space to be heated or drying medium is provided by a
fan which is connected to output or input side of the collector. It is also possible to connect 2
fans both input and output of the collector.

In case of passing of the air through the black textile fabric, the air passes through the capillary
pores between the fibers, thus the surface area participating to the heat transfer is equal to the
total area of the fiber surfaces, namely, much higher compared to the plates with no air
permeability. As the air passes through the capillary pores between the fibers instead of a
parallel flow to the fabric surface, the thickness of the air boundary layer (k) on the fibers
decreases to a minimum, and the heat transfer coefficient () exceeds the value of 400
Wim2K.

Warm-up time of the fabrics is a good proof of the increase in the heat transfer rate due to the
air flow through the fabrics. The time required to heat a dry fabric up to 200 °C by a hot air of
200 °C is 35 s to 60 s for air flow parallel to the surface of the fabric, and 1 s to 3 s for the

airflow through the fabric. During the hot air flow through the fabric, the heat transfer rate (Q)

depends on the temperature and velocity of the air flow and the structure and the temperature
of the fabric.

Black or dark colored woven, knitted or non-woven fabrics made by natural, regenerated or
synthetic fibers and their blends can be used as textile surface. The heat transfer rate is lower in
loose woven and knitted fabrics, because air tends to flow through the pores between the yarns,
instead of the capillary pores between the fibers within the yarns. On the other hand the fabrics
with very tight structures require higher fan power for air flow through the textile structures. In
order to extend the flow path of the air through the fabric, increasing of fabric thickness is
useful. However, airflow through a tight and thick woven fabric without piles requires very high
fan power. Thus, the optimum results can be provided with piled woven or knitted fabrics or not
tight bulky non-woven structures.

The fabric is placed diagonally into the rectangular prism-shaped box (1). At the entry side of
the collector fabric is placed to the base (2) and is diagonally ascended through the output side,
where the fabric contacts with the transparent surface (3) in order to enhance the airflow
through the hot fabric (6) in the collector box.

The collectors are mounted on the roofs facing to the south or placed on the south-facing walls.
The cold air inlet (4) to the collector is above the fabric (6), and the hot air outlet (5) stays under
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the fabric (6). The air enters at the bottom side of the collector, where the distance (volume)
between the fabric (6) and the transparent surface (3) is at maximum. By the blowing (if the fan
is located to the air inlet) or suction (if the fan placed to the air outlet) effect of the fan, the air
tends to flow to the exit, and due to the decrease of the distance between the fabric (6) and the
transparent surface (3) during the movement of the air, the pressure and therefore the flow rate
of the air through the fabric increases according to the law of Boyle-Marriott. On this account, by
the diagonal placement of the fabric, the air heated by the greenhouse effect between the
transparent surface (3) and fabric (8) passes through the hot fabric and enters the exit section
between the base (2) and fabric (8). This permeation is higher at the upper side of the collector

(close to the air outlet), where the air and the fabric have maximum temperature.

Utilization and applicability of the invention:

Textile based air heater solar collectors can be used anywhere and in the same way for space
heating and drying operations, in which the currently available active type solar collectors are
used.
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CLAIMS

1. A textile based air heater solar collector characterized in that the black or dark colored

woven, knitted or non-woven fabrics made by natural, regenerated or synthetic fibers and
their blends instead of black metallic, ceramic, plastic or composite plates is used and the

air flows through this fabric (textile surface).

2. According to Claim 1, a textile based air heater solar collector characterized in that the fabric
(6) on a fabric support (7) with a high air permeability is diagonally placed in the rectangular-
prism shaped collector box, in which the fabric is placed to the base (2) at the inlet side (4)
and is diagonally ascended to the outlet side (5), where it is in contact with the transparent
surface (3) while the cold air inlet (4) is situated above the fabric and the hot air outlet (5)

situated under the fabric.
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Figure 2
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