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Thermal solar collector with tapered tubes

DESCRIPTION

This invention consists in a innovative solar collector which
can be used with traditional heat transfer fluids and liquid-
solid suspensions, as nanofluids.

In energy system, thermal conductivity of the heat transfer
fluids is a limiting factor, because it is lower than thermal
conductivity of the surface of heat exchangers. Therefore,
system efficiency and/or their dimensions depend on
thermal conductivity of the heat transfer fluids.

To overcome this limit, researchers proposed a new type
of heat transfer fluid to improve heat transfer performance,
through mixing of traditional heat transfer fluids with solid
nanoparticles (<100 nm), the nanofluids. Solid phase
causes thermal conductivity enhancement and a
convective heat transfer enhancement, through its
chemical and physical properties and their interactions with
liquid phases. Metal, Cu, Au, Ag, Fe, or metal oxide, CuO,
AI203, ZnO, nanoparticles are used as solid phase.
Although nanofluids improves thermal performances of the
systems, it is necessary to study new solutions to avoid
sedimentation and clogging that could reduce thermal
performance of the heat transfer devices and damage the
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systems.
Nanofluids can be used in all the systems where it is
necessary to transfer thermal energy (e.g. heating system)
or when thermal energy has to be carried away through
disposal system. Therefore, nanofluids might also be used
on solar thermal energy systems in order to produce
sanitary hot water, heating and cooling of buildings and
thermal energy for industrial processes.
In the double circuit system, water is heated by a heat
transfer fluid through an heat exchanger while collector is
crossed by heat transfer fluid. Generally in double circuit
system, heat transfer fluid, that flows in the collector, must
have the better thermal performance and freezing must be
avoided. Experts in the sector know that freezing
phenomenon can be avoided by using a mixture of heat
transfer fluid and antifreeze fluid. In the most cases the
thermal conductivity of this mixture is lower than thermal
conductivity of water. Besides, heat exchanger introduces
a further loss respect to the single circuit system and this
influences the global efficiency of the system.
A thermal solar collector is composed of:
e Absorber, which intercepts and adsorbs solar
radiation and converts it in heat;
e Transparent cover, that allows solar radiation to pass
through but traps infrared radiation emitted by the
absorber;
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e Frame;

¢ Insulation material. It is under the absorber and near
the sides of the frame;

e Collector composed by riser tubes where heat
transfer fluid removes heat from the absorber. Fluid
is transported from a bottom pipe to a top pipe that
are larger than riser tubes.

In a solar collector, cross section of the tubes is constant
and the flow inside is laminar. Therefore fluid flows in
parallel layers and velocity profile is parabolic in every
cross section, where the minimum value is near tube
surface and the maximum value is on the center. Besides
velocity has only axial component. As no restrictive
example, Figure 1 shows a collector of a traditional solar
collector, where A and D are inlet and outlet of the fluid
respectively. Along the bottom pipe (1) and top pipe (2) the
flow rate varies . In fact, within the bottom pipe flow rate
decreases from A to B because fluid is distributed to the
riser tubes. Similarly within the top pipe flow rate increases
from C to D because fluid come out from the riser tubes.
Nanofluids yield sedimentation of the solid phase in a
traditional solar collector. Therefore decreases in thermal
conductivity and in convective heat transfer and clogging
of the tubes can be obtained. Therefore, if nanofluids must
be used it is necessary to use a collector with suitable
characteristics to avoid these problems. In the patent
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literature there are some examples of solar collectors
having technical characteristics for specific purpose. U.S.
Pat. No. 2007/0084460A1 describes a solar collector for
liquid-solid mixture where solar radiation is directly
captured by solid phase through transparent system. In the
U.S. Pat No. 5413091 is described a solution in order to
avoid or mitigate freezing phenomenon within the collector,
where riser tubes have a biconical shape and top pipe and
bottom pipe are insulated with a fully layer. Avoiding
freezing in solar collector is also treated in U.K. Pat.GB
2084312A. In this invention absorber is made with tapered
flanges welded on riser tubes, bottom pipe and top pipe to
provide a heat dissipating gradient from the wide end to
the narrow end. Thus fluid does not freeze at the same
time in any point of the tube, therefore ice comes out of the
riser tubes instead of bursting them. Besides, a conical
bottom pipe can be used to encourage exit of the ice from
solar collector. Finally, U.S. 2009/0250051 A1describes
solar collectors used with fluids at high temperature (for
example, molten salt), where both top pipe and bottom
pipe have a spindle shape or double frustoconical shape or
with central area maintained cylindrical and joined to its
two frustoconical elements. With this invention it is
possible to reduce thermal strain caused by rapid
temperature changes due to cloud passage, particularly in
the junction with solar absorption tubes. Inlet, or outlet, of
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the fluid is in the middle zone of the bottom pipe, or top
pipe, and the flow is bidirectional towards both ends of the
tubes.

In a generic cross section of the bottom pipe (or top pipe),
velocity profile is parabolic and nanoparticles (or more
properly clusters) can be subjected to sedimentation,
especially near tube surface, where velocity is lower than
the center of the cross section. Besides sedimentation
depends on particle size (or cluster) and time of
permanence on a point. Therefore sedimentation might
depend on particle (or cluster) weight and flow rate of the
nanofluid. Obviously sedimentation might be higher if
mean velocity is low in the cross section. For this reasons,
if in the collector in Figure 1 a nanofluid flows, in the
bottom pipe and top pipe the amount of precipitated solid
phase increases from A to B and from C to D respectively.
Besides, some precipitated solid phase slops itself in riser
tubes from bottom pipe. Therefore further solid phase will
precipitate on the bottom pipe.

To avoid these problems flow rate of nanofluids can be
increased in the hydraulic system in order to enhance
velocity in the solar collector. However, friction losses are
directly proportional to the flow rate, therefore an higher
power consumption is necessary.

Another solution, object of this invention, is a solar
collector where it is possible to maintain a constant velocity
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along the bottom pipe and top pipe to avoid sedimentation,
through variation of the cross section area along them,
according to the needs.

As no restrictive example, Figure 2 shows a solution in
order to obtain a bottom pipe (or top pipe) with a variable
cross section along the tube. The drawing of the
traditional bottom pipe (o top pipe), 1A, and the drawing of
the suitably shaped element, 1B are shown in this figure.
1B is connected (according to the needs) to 1A to obtain
the component shown in Figure 3.

1C is the bottom pipe (or top pipe) with changeable cross
section area along the tube and it can be used to make a
solar collector. A tridimensional model of 1C is shown in
Figure 3. In particulars E and D it is possible to see the
difference of the cross section area in the bottom pipe (or
top pipe). In the specific and no restrictive case shape of
the section is a circular segment.

Another solution can be used to obtain a variable cross
section area along the tubes. For illustrative purpose and
no restrictive, Figure 4 shows a bottom pipe (or top pipe)
with truncated conical shape. On the interrupted section of
Figure 4 it is possible to note variation of the bottom pipe
diameter (or top pipe diameter)

For illustrative purpose and no restrictive, Figure 5 shows a
section view of a collector with top pipe (1CT) and bottom
pipe (1CB) with variable cross section. It can have all
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dimensions and it can be employed on every thermal solar
collector.

Sedimentation of solid phase is avoided by using top pipe
and bottom pipe with variable cross section area. Besides
in this case additional pressure drop is concentrated in the
collector and negligible compared to case of a flow rate
increased in hydraulic system. Finally, how it is possible to
see in Figure 6, for every cross section, near the edges,
the velocity of the flow is higher and its vector has a
vertical component, Vb, besides an axial component, Va.
Therefore there is a vertical force that avoids
sedimentation.

Generally from this invention is suitable for an efficient use
of innovative heat transfer fluids, as biphasic suspension,
from thermodynamic and fluid dynamic point of view.
Besides, this invention does not influence the
thermodynamic characteristics of thermal solar collector. In
fact, differences between this invention and a traditional
thermal solar collector do not interest geometry of the
absorber, riser tubes and mechanisms of heat transfer
between solar radiation and absorber and its riser tubes.
Therefore it is possible to maintain the performance of the
traditional thermal solar collector and to enhance their
versatility in order to use innovative biphasic heat transfer
fluids.

In order to obtain a variable cross section, solid shaped
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elements are placed in the tubes with constant cross
section, generally employed to make both top pipe and
bottom pipe of traditional solar collectors. Thus it is
possible to limit the increase of construction costs, that
might be significant if variable cross section tubes were
made by one element, for example with truncated conical
shape.

Tubes of the collector of this invention can be made with
any resistant materials to the working temperatures and
strains of the systems. Therefore transparent materials can
be used and solid phase of the suspensions can directly
absorb solar radiation that could enhance performance of
the thermal solar collector.
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CLAIMS

1)

2)

3)

Solar collector for applications with nanofluids or
biphasic heat transfer fluids, including both a top pipe
and a bottom pipe, characterized by the fact that at
least one of these tubes has a variable cross section in
order to avoid sedimentation of nanofluids and other
biphasic heat transfer fluids that flow inside the tubes of
the solar collector itself.

Thermal solar collector according to claim 1 wherein
variable cross section is obtained by introducing
suitably shaped elements in the tubes.

Thermal solar collector according to claims 1 and 2
wherein variable cross section determines a radial
component of velocity of the flow inside the tubes, near
the edges, and therefore a vertical force that avoids

sedimentation.

PCT/IB2011/051988
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