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SOLAR CHIMNEY-BASED LIQUID
DESICCATION SYSTEM

RELATED APPLICATIONS

[0001] The present application claims priority to a US
provisional application, U.S. 62/617,469, which was filed on
Jan. 15, 2018. The contents of U.S. 62/617,469 are fully
incorporated by reference to the present application.

FIELD OF THE INVENTION

[0002] The present invention relates to environmentally-
friendly desiccation systems and methods. In particular, the
present invention relates to a novel solar chimney-based
desiccation system that utilizes solar and environmental
thermal energy in its novel structure and components to
provide desiccation (e.g. water or other liquid content reduc-
tion) in an environmentally-friendly manner.

BACKGROUND OF THE INVENTION

[0003] Energy is one of the constants of life. People use
energy both directly, through consumption and energy
extraction from food, and through the use of energy in a
variety of forms to enable other processes. The energy that
an average human consumes (i.e. assuming that each person
enjoys a 1000 Calorie daily diet) is 4.18 Ml/day. At a
population level of seven billion humans, this amounts to a
daily energy budget of at least 2.926x10'® J in order to
sustain the current population.

[0004] The energy requirements of the built world signifi-
cantly exceed the staggering direct energy needs of people.
Our current energy requirements, provided as a mix of fossil
fuel, solar, wind, hydro, nuclear, hydrothermal, and other
energy sources, are an estimated 20 TW of energy; meaning
that the energy needs of the build world currently exceed
1.7x10"® J per day. This staggering energy requirement is
nearly sixty times that needed for human food consumption.
Mankind’s energy needs are likely to increase over time
despite efficiency improvements that may somewhat offset
the magnitude of ever-increasing energy needs.

[0005] Against the backdrop of the ever-increasing energy
needs of modern human civilization, it can be noted that
solar energy is a readily-available and abundant energy
source. It is estimated that the sun delivers 1.226x10'7 J of
solar energy per second to the Earth system, of which 27.1%
is absorbed by the atmosphere-approximately 3.321x106 J
per second.

[0006] Working against the absorption of energy is the loss
of energy from the planet due to blackbody radiation.
Earth’s blackbody radiation emits the energy absorbed dur-
ing the day. Earth’s atmosphere itself is therefore a signifi-
cant reservoir of energy, which alternately is a net absorber
of energy and a net radiator of energy. One may characterize
this as an “energy conduit” through which solar energy is
driven. This atmospheric energy reservoir is currently com-
pletely untapped and unused in human industrial applica-
tions.

[0007] Since the mid 1800’s, some scientists have thought
that the use of this atmospheric energy reservoir is unfea-
sible due to alleged violations of the laws of thermodynam-
ics. While the reasoning and the strict scientific conclusions
may appear convincing, they are based on the notion of a
closed energetic system. Because Earth is an open energetic
system that constantly receives and radiates energy, how-
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ever, from a thermodynamic perspective, harnessing the
power of solar energy from Earth’s atmosphere based on its
temperature gradient changes fully complies with our cur-
rent understanding of conservation of energy and our under-
standing of thermodynamics.

[0008] A solar chimney is an exemplary application of
harnessing energy from Earth’s atmosphere. Today’s con-
ventional solar chimney systems are based on millennia-old
technology originating from Persia. The basic structure of
the solar chimney includes two components. A first compo-
nent is a solar energy collector that transforms solar energy
into heat and transfers that heat to a contained quantity of air.
A second component is a chimney, which is a largely vertical
tube, open at both ends. The chimney enables the heated air,
which becomes relatively buoyant after the heating process,
to rise and exit the chimney. The movement, in turn mobi-
lizes the air through an applicable device—home, turbine,
etc. Conventional solar chimneys have been used for a
variety of tasks, including ventilation, desalination, and
electrical power generation. Solar chimneys have the desir-
able characteristics of being structurally simple, requiring
only minimal maintenance, and functioning reliably in vari-
ous climactic conditions.

[0009] In recent years, researchers have demonstrated that
solar chimneys can be used to generate electricity over an
extended period of time. This was established using a test
facility built by an American company, Enviromission, in
Manzanares, Spain. A typical solar chimney design is gen-
erally restricted to a thermal gradient of less than 35° C.,
thus limiting the overall installation to a Carnot efficiency of
approximately 10%. Coupled with mechanical efficiencies
of turbines, airflows, and other factors, this severely limits
the amount of energy the chimney operator may be able to
extract from the airflow. As a result, strictly using these
devices as sources of electrical power generation is increas-
ingly difficult to justify when they are compared to other
conventional technologies. As an example, photovoltaic
solar power generation systems of similar dimensions may
be able to yield significantly more usable energy than that
generated by existing solar chimney designs.

[0010] Yet, solar chimneys may enable an untapped poten-
tial for a significant performance improvement for innova-
tive designers. An overlooked area for further innovation is
related to evaporative capacity of airflow in a solar chimney
structure. The heat in the air flowing through a solar chimney
apparatus can do work on solution in the apparatus, evapo-
rating the liquid and removing it from an enclosed solution.
Such a process can perform orders of magnitude more work
in the solar chimney apparatus than the airflow because the
energy comes from the air flowing through the chimney
rather than from the solar energy absorbed by the chimney.
Utilizing the evaporative capacity of the airflow going
through a solar chimney may be a creative usage of the
thermal energy embedded in the atmosphere, especially if
this evaporative capacity is utilized to drive a secondary
acquisition of environmental thermal energy. A new class of
systems, known as “entrochemical” systems, can use a
saline gradient to acquire environmental energy directly,
move heat out of an enclosed system, and transform envi-
ronmental thermal energy into electricity, wherein the saline
gradient is established and enhanced by the evaporative
force.

[0011] Solar chimneys have been used to desiccate food
items by effectively removing water and transferring it to the
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outside environment. The desiccation is provided by creat-
ing a substantial internal airflow over racks of food. The
evaporative effect of the airflow encourages the water to
evaporate and the resulting vapor is carried in the airflow up
and out of the evaporation chamber. These devices tend to be
relatively small, typically shorter than two stories in height.
[0012] In order to enable efficient solar chimneys that
perform desiccation, the chimney should be significantly
taller than two stories. When used to evaporate liquid the
amount of liquid vapor in the airflow coming from the solar
chimney should be much higher than that of the incoming
airflow. A practical target for the relative partial pressure of
the vapor generated by evaporation at the elevated tempera-
ture is typically greater by at least 50% of the vapor pressure
at the elevated temperature.

[0013] At an increased temperature and vapor concentra-
tion, the vapor in the air will condense along the length of
a conventional solar chimney as it travels upward, particu-
larly if the chimney is tall. The condensed liquid tends to
drip downward and drain back into the chimney base,
possibly into the original solution. Such condensation and
recollection are called “reflux.” This condensation creates a
moisture collection problem and also pulls heat out of the
airflow, which reduces its temperature and buoyancy. In
CN202322420U, Liu discloses a solar chimney design
applied to desalination. This design is unlikely to work
effectively in a real-world environment, as it will likely be
hampered by reflux causing a significant portion of the
initially-evaporated liquid to drain back to the original
location. Moreover, the cooling effect of reflux will reduce
the nominal performance of the chimney, with longer chim-
ney seeing greater degradation of performance.

[0014] Another solar chimney design has been proposed in
U.S. Pat. No. 8,823,197 by Klinkman. The chimney dis-
closed in this publication is diagonal and built on a moun-
tainside. The proposed system includes several options for
accessing a variety of heat sources and for adding humidi-
fication to the airflow. The author teaches that the airflow
will result in condensation along the way, generating dis-
tilled water. As in the case with the CN202322420U publi-
cation, the reflux cooling is likely to lower the temperature
in the chimney, thus reducing its effectiveness.

[0015] Klinkman teaches in U.S. Pat. No. 8,823,197 that
humidified air traveling through the solar chimney has the
potential to generate distilled water through a reflux process.
While this is deleterious if uncontrolled along the full length
of the chimney, it also reflects a potential source of clean
water acquisition from saline or otherwise contaminated
liquid supplies. Such a system is a humidification-dehumidi-
fication system enabled by the flow of air through the solar
chimney system. As indicated above, the condensation of the
water cools the air in the chimney, which reduces its
buoyancy and the effectiveness of the overall device.
[0016] U.S. Pat. No. 8,778,065 teaches that a bubble
column can be used to condense a condensable fluid in a
bath of fluid, which may or may not be the same as that
doing the condensing. The latent heat of vaporization is
removed in order to enable continual condensation. While
this can recover water from a humid stream of air, it does not
address the humidification of the air. Additionally, it is still
dependent on an externally generated energy source.
[0017] U.S. Pat. No. 9,259,667 describes a device which
concentrates solutions through a humidification—dehumidi-
fication process. It is a modular system in which each
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module includes two chambers. The chambers are connected
by a closed vapor pathway. In one chamber, using heat and
material which encourages evaporation, the air is humidi-
fied, while in the second chamber it is condensed on a
heat-removing heat exchanger. Solution passed through the
system is concentrated. This design uses generated heat to
heat the solution and enable the evaporation. Moreover, the
condensing heat exchanger may or may not be powered,
possibly requiring a secondary energy use.

[0018] U.S. Pat. No. 3,740,959 describes a system for
humidifying and dehumidifying. This system uses a fan, a
basin, a heater, and alternately a cooled set of fins to
humidify or dehumidify the surrounding air, depending on
the desired outcome. Like the other systems, external energy
generation is needed in order to run this system.

[0019] When utilized in a humidification-dehumidifica-
tion system or in a desiccation system, a solar chimney
generally has two energy pathways. The first pathway
involves energy coming into the chimney at the solar col-
lector and going out through the chimney, carried by the air.
The second pathway involves energy coming into the chim-
ney at the solar collector and then going out through the
walls of the chimney and through the top of the chimney,
carried by heat transfer to the walls and the outward airflow
from the chimney. The thermal energy is lost to the external
environment in both energy pathways.

[0020] In a dehumidification process, the heat energy in
the air is lost through a phase transition of the entrained
vapor. The energy is passed as heat to the condensing
surface. The heat transferred to the condensing surface
presents an opportunity to recapture some of the lost energy
in a solar chimney structure. For instance, this recaptured
energy may be able to preheat the incoming airflow, thereby
generating an elevated overall thermal gradient.

[0021] Therefore, it may be beneficial to devise a novel
solar chimney capable of removing significant amounts of
liquid from a contained body of liquid in a way that limits
the parasitic effect of reflux.

[0022] Furthermore, it may also be beneficial to devise a
novel solar chimney that removes liquid from a contained
body of liquid, minimizes inefficiencies associated with
reflux, and incorporates an inexpensive and easily-manufac-
turable liquid reclamation system.

[0023] Moreover, it may also be beneficial to devise a
novel solar chimney with a novel energy recapture compo-
nent to preheat an incoming airflow before the incoming
airflow enters a solar collector for improved operating
efficiencies of the novel solar chimney.

SUMMARY

[0024] Summary and Abstract summarize some aspects of
the present invention. Simplifications or omissions may
have been made to avoid obscuring the purpose of the
Summary or the Abstract. These simplifications or omis-
sions are not intended to limit the scope of the present
invention.

[0025] In one embodiment of the invention, a solar chim-
ney-based liquid desiccation system is disclosed. This solar
chimney-based liquid desiccation system comprises: a solar
collector capable of acquiring photonic energy and transfer-
ring some significant portion of that photonic energy into a
quantity of air contained within the solar collector as thermal
energy; a desiccator with an internal space to deposit a liquid
solution inside through which air heated by the solar col-
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lector flows, acquiring evaporated liquid vapor as it passes
through; and a heated vertical chimney, through which air
and vapor rise and exit the heated, largely vertical tube at its
topmost edge, the inner surface of which is largely heated
beyond the dew point of the vapor traveling through.

[0026] In another embodiment of the invention, a solar
chimney-based liquid desiccation system is enhanced with a
liquid recovery condenser system. This solar chimney-based
liquid desiccation system comprises: a solar collector
capable of acquiring photonic energy and transferring at
least a portion of that photonic energy into a quantity of air
contained within the solar collector as thermal energy; a
desiccator with an internal space to deposit a liquid solution
inside through which air heated by the solar collector flows,
acquiring evaporated liquid vapor as it passes through; a
liquid recovery condenser system which recovers the liquid
vapor in the airflow, condensing and collecting the liquid as
the heated air passes through the recovery condenser system
on its way through the system; and a heated, largely vertical
chimney through which air and vapor rise and exit the heated
vertical tube at its topmost edge, the inner surface of which
is largely heated beyond the dew point of the vapor traveling
through.

[0027] In another embodiment of the invention, a solar
chimney-based liquid desiccation system is enhanced with a
liquid recovery condenser system. This solar chimney-based
liquid desiccation system comprises: a solar collector
capable of acquiring photonic energy and transferring at
least a portion of that photonic energy into a quantity of air
contained within the solar collector as thermal energy; a
desiccator operatively connected to the solar collector with
an internal space to deposit a liquid solution inside through
which air heated by the solar collector flows, acquiring
vapor from the liquid as it passes through; a liquid recovery
condenser system which recovers the evaporated liquid in
the airflow, condensing and collecting the vapor as the
heated air passes through the recovery condenser system on
its way through the system by at least partially using air
flowing through the liquid recovery condenser system to
cool an interior surface and capture heat from the condens-
ing vapor before entering the solar collector; and a vertical
chimney through which air and vapor rise and exit the heated
vertical tube at its topmost edge, the inner surface of which
is largely heated beyond the dew point of the vapor traveling
through.

[0028] In another embodiment of the invention, another
solar chimney-based desiccation system is disclosed. This
system comprises: a solar collector capable of acquiring
photonic energy and transferring at least a portion of that
photonic energy into a quantity of air contained within the
solar collector as thermal energy; an embedded desiccator
with an internal space to deposit a liquid solution inside and
operatively connected to the solar collector to receive a
solar-heated stream of air from the solar collector through a
solar collector-to-desiccator pipe, wherein at least a portion
of the liquid solution is vaporized after contact with the
solar-heated quantity of air, which is directed into the
embedded desiccator; and a heated chimney operatively
connected to the embedded desiccator to receive and expel
a humidified quantity of air containing vapors from the
liquid solution to an external environment outside the solar
chimney-based desiccation system, wherein an interior sur-
face of the heated chimney is heated above a dew point of
the vapors to prevent reflux and condensation of the vapors
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alongside the interior surface of the heated chimney, as the
vapors rise through the heated chimney.

[0029] Moreover, in another embodiment of the invention,
another solar chimney-based desiccation system is dis-
closed. This system comprises: a solar collector with a
surface area to accumulate and absorb solar radiation and
convert the solar radiation into a thermal energy, wherein the
solar collector heats a quantity of air coming into the solar
collector through a solar collector entrance; an embedded
desiccator with an internal space to deposit a liquid solution
inside and operatively connected to the solar collector to
receive a solar-heated quantity of air from the solar collector
through a solar collector-to-desiccator pipe, wherein at least
a portion of the liquid solution is vaporized after contact
with the solar-heated quantity of air, which is directed into
the embedded desiccator; a heated chimney operatively
connected to the embedded desiccator to receive and expel
a humidified quantity of air containing vapors from the
liquid solution to an external environment outside the solar
chimney-based desiccation system, wherein an interior sur-
face of the heated chimney is heated above a dew point of
the vapors to prevent reflux and condensation of the vapors
alongside the interior surface of the heated chimney, as the
vapors rise through the heated chimney; and a liquid recov-
ery condenser system operatively connected between the
embedded desiccator and the heated chimney, wherein the
liquid recovery condenser system contains a relatively cold
internal surface area to cool the humidified quantity of air
containing the vapors coming out of the embedded desic-
cator but before entering the heated chimney, wherein at
least a portion of the vapors are condensed as liquid in a
liquid collection container inside the liquid recovery con-
denser system.

[0030] In addition, in another embodiment of the inven-
tion, another solar chimney-based desiccation system is
disclosed. This system comprises: an embedded desiccator
with an external air entrance to receive a quantity of
unheated external air and an internal space to deposit a liquid
solution inside, wherein at least a portion of the liquid
solution is vaporized after contact with the quantity of
unheated external air to become a vapor-enriched quantity of
air, which is then directed into a solar collector operatively
connected to the embedded desiccator; the solar collector
with a surface area to accumulate and absorb solar radiation
and convert at least some of the solar radiation into thermal
energy, wherein the solar collector heats the vapor-enriched
quantity of air coming from the embedded desiccator; and a
heated chimney operatively connected to the solar collector
to receive and expel a solar-heated and vapor-enriched
quantity of air containing vapors originating from the liquid
solution to an external environment outside the solar chim-
ney-based desiccation system, wherein an interior surface of
the heated chimney is heated above a dew point of the
vapors to prevent reflux and condensation of the vapors
alongside the interior surface of the heated chimney, as the
vapors rise through the heated chimney.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 shows a novel solar chimney-based desic-
cation system with a solar collector, an embedded desicca-
tor, and a heated chimney, in accordance with an embodi-
ment of the invention.
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[0032] FIG. 2 shows the novel solar chimney-based des-
iccation system with an addition of a liquid recovery con-
denser system, in accordance with an embodiment of the
invention.

[0033] FIG. 3 shows the novel solar chimney-based des-
iccation system with an addition of an air transfer tube that
allows an airflow to pass through the liquid recovery con-
denser system before entering the solar collector, in accor-
dance with an embodiment of the invention.

[0034] FIG. 4 shows a completed desiccation system
based on the novel solar chimney with input and collection
tanks, in accordance with an embodiment of the invention.
[0035] FIG. 5 shows an example of a heat exchanger
functioning as a liquid recovery condenser system, in accor-
dance with an embodiment of the invention.

[0036] FIG. 6 shows a novel solar chimney-based desic-
cation system with a desiccator, a solar collector, and a
heated chimney in a non-heated desiccation configuration, in
accordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0037] Specific embodiments of the invention will now be
described in detail with reference to the accompanying
figures. Like elements in the various figures are denoted by
like reference numerals for consistency.

[0038] In the following detailed description of embodi-
ments of the invention, numerous specific details are set
forth in order to provide a more thorough understanding of
the invention. However, it will be apparent to one of
ordinary skill in the art that the invention may be practiced
without these specific details. In other instances, well-known
features have not been described in detail to avoid unnec-
essarily complicating the description.

[0039] The detailed description is presented largely in
terms of procedures, logic blocks, processing, and/or other
symbolic representations that directly or indirectly resemble
a novel solar chimney design and a related desiccation
system. These process descriptions and representations are
the means used by those experienced or skilled in the art to
most effectively convey the substance of their work to others
skilled in the art.

[0040] Reference herein to “one embodiment” or “an
embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiment
can be included in at least one embodiment of the invention.
The appearances of the phrase “in one embodiment” in
various places in the Specification are not necessarily all
referring to the same embodiment. Furthermore, separate or
alternative embodiments are not necessarily mutually exclu-
sive of other embodiments.

[0041] One objective of an embodiment of the present
invention is to provide a novel solar chimney, which is
specifically optimized for a desiccation system, minimizing
inefficiencies associated with reflux to improve liquid
removal efficiencies from a contained body of a liquid
solution.

[0042] Another objective of an embodiment of the present
invention is to provide a novel solar chimney-based desic-
cation system that removes liquid from a contaminated
liquid supply, minimizes inefficiencies associated with
reflux, and incorporates an inexpensive and easily-manufac-
turable liquid reclamation system.

[0043] Yet another objective of an embodiment of the
present invention is to provide a novel solar chimney-based
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desiccation system with a novel energy recapture component
to preheat an incoming airflow before the incoming airflow
enters a solar collector for improved operating efficiencies of
the novel solar chimney-based desiccation system.

[0044] For the purpose of describing the invention, a term
herein referred to as “desiccation” is defined as a process of
vaporizing, dehumidifying, and/or drying out liquid. In
various embodiments of the invention, the liquid undergoing
this “desiccation” process may be water or another sub-
stance in a liquid state.

[0045] Likewise, for the purpose of describing the inven-
tion, a term herein referred to as a “desiccator” is a device
designed to vaporize, dehumidify, and/or dry out liquid
within the device. For example, a desiccator may vaporize a
pool of water or another pool of liquid with an incoming
flow or an addition of heat into the device.

[0046] As shown in FIGS. 1-6 and related descriptions,
various embodiments of the present invention are focused on
novel structures, components, and features that improve
efficiency and performance of solar chimney-based desic-
cation. Apparatuses described herein may operate as an
integrated solar chimney and dehumidification (i.e. airflow-
based drying) system that accommodates efficient and effec-
tive removal of water or another liquid from an effluent
using solar and available environmental energy nearby.
[0047] FIG. 1 shows a novel solar chimney-based desic-
cation system (100) with a solar collector (101), an embed-
ded desiccator (104), and a heated chimney (103), in accor-
dance with an embodiment of the invention. In a preferred
embodiment of the invention, the solar collector (101) is
configured to absorb solar radiation during daylight hours
and to transform the solar radiation into thermal energy.
Furthermore, in some embodiments of the invention, a solar
collector angle adjuster (106) may be utilized to tilt or adjust
the surface angle of the solar collector (101) to optimize its
solar radiation reception efficiency relative to the current
orientation of the sun.

[0048] The thermal energy converted by the solar collector
(101) from the solar radiation is then utilized to heat a
quantity of air enclosed inside the solar collector (101). As
the enclosed column of air warms up, it becomes buoyant
and expands its volume upward. Simultaneously, the heated
chimney warms the air contained therein, increasing its
temperature and buoyancy. This buoyancy allows the
warmed air inside the solar collector (101) to be directed into
an embedded desiccator (104) as the air in the chimney rises
and exits.

[0049] As illustrated in FIG. 1, the embedded desiccator
(104) contains liquid solution part of which is to be con-
verted into vapor. The liquid solution contained in the
embedded desiccator (104) interacts with the incoming flow
of the warmed air originating from the solar collector (101)
through a solar collector-to-desiccator pipe (105). The
incoming warmed air from the solar collector (101) is
relatively low vapor content with low entrained vapor,
compared to the equilibrium vapor pressure of the solution
inside the embedded desiccator (104). Therefore, when the
liquid solution inside the embedded desiccator (104) is
brought into contact with the incoming warmed air through
the solar collector-to-desiccator pipe (105), the liquid in the
solution expeditiously evaporates into the air inside the
embedded desiccator (104). This raises the vapor content of
the air inside the embedded desiccator (104), and signifi-
cantly increases the vapor content of the incoming warmed
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air, as it passes through the embedded desiccator (104). This
particular component configuration and the related function-
ality of the embedded desiccator (104) in the solar chimney-
based desiccation system (100) are part of novel aspects of
the present invention, relative to conventional solar chimney
designs.

[0050] The high vapor content air inside the embedded
desiccator (104) then moves through a heated chimney (103)
and exits out of the novel solar chimney-based desiccation
system (100) towards an external atmosphere. In the pre-
ferred embodiment of the invention, the interior surface of
the heated chimney (103) is sufficiently heated to reduce or
eliminate reflux, which is an undesirable phenomenon that
causes operating inefficiencies in conventional solar chim-
ney designs due to frequent liquid condensation.

[0051] Furthermore, the heating of the interior surface of
the heated chimney (103) increases thermal energy to the
vapor-infused air passing through the novel solar chimney-
based desiccation system (100), thus enabling the egressing
air to become additionally buoyant. The interior surface
heating of the chimney can be achieved by electrically-
powered heating, direct solar heating of the chimney, or
heating with other available thermal energy sources from the
external environment near the novel solar chimney-based
desiccation system (100). By heating the chimney that
functions as an air exit pipe, the novel solar chimney-based
desiccation system (100) becomes a thermal transistor
through which airflow and entropy transfer are enabled by a
seemingly small energy input to an open physical system
capable of attracting useful external thermal energy.
[0052] In the preferred embodiment of the invention, the
novel solar chimney-based desiccation system (100), as
illustrated in FIG. 1, allows outside air to enter an open
physical desiccation system through a solar collector
entrance (107), wherein the air is heated within the solar
collector (101). Then, the heated air acquires liquid vapor in
the embedded desiccator (104) and becomes vapor-infused,
and exits the open physical desiccation system through the
heated chimney (103).

[0053] In contrast, unlike the novel solar chimney-based
desiccation system (100) as illustrated in FIG. 1, conven-
tional solar chimney implementations typically exhibit low
operating efficiencies due to the reflux phenomenon and
other structural shortcomings. In particular, interior walls of
conventional solar chimneys suffer from reflux-related
moisture condensation and unintended thermal cooling by
the external environment. As the processed air travels
upward in a conventional solar chimney, a substantial por-
tion of the vapors within the processed air condenses on the
conventional solar chimney’s interior surface due to reflux,
which in turn impedes the velocity and the efficiency of air
outflows from the conventional solar chimneys.

[0054] FIG. 2 shows a second novel solar chimney-based
desiccation system (200) with an addition of a liquid recov-
ery condenser system (102) to the first novel solar chimney-
based desiccation system (100) previously illustrated in FIG.
1, in accordance with another embodiment of the invention.
In this embodiment as shown in FIG. 2, the liquid recovery
condenser system (102) is installed between the embedded
desiccator (104) and the heated chimney (103). The liquid
drains into a collection chamber (112)

[0055] In the liquid recovery condenser system (102),
condensable vapors present in the airflow come into contact
with a colder surface, which facilitates a thermal energy
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transfer from the airflow to the colder surface. This energy
transfer causes the condensable vapors to condense into a
liquid state, which is then collected in a collection chamber
(112) after being periodically or continuously transferred out
of the container through a condensation exit hole in the
liquid recovery condenser system (102).

[0056] Insome circumstances, the installation of the liquid
recovery condenser system (102) may further improve the
operating capacity and the efficiency of the second novel
solar chimney-based desiccation system (200) by proac-
tively and preemptively collecting condensed liquid that was
temporarily vaporized in the embedded desiccator (104),
before the airflow is further mobilized to the heated chimney
(103) as an exit to the external environment. Yet in other
circumstances, the installation of the liquid recovery con-
denser system (102) may be unnecessary, and a desiccation
device designer may choose to implement the structure
embodied in the first novel solar chimney-based desiccation
system (100) instead, as previously illustrated in FIG. 1.
[0057] In the embodiment of the invention as shown in
FIG. 2, the solar collector (101) is configured to absorb solar
radiation during daylight hours and to transform the solar
radiation into thermal energy. Furthermore, in some embodi-
ments of the invention, a solar collector angle adjuster (106)
may be utilized to tilt or adjust the surface angle of the solar
collector (101) to optimize its solar radiation reception
efficiency relative to the current orientation of the sun. The
thermal energy converted by the solar collector (101) from
the solar radiation is then utilized to heat a quantity of air
enclosed inside the solar collector (101). As the enclosed
quantity of air warms up, it becomes buoyant and expands
its volume upward. This buoyancy allows the warmed air
inside the solar collector (101) to be directed into an
embedded desiccator (104).

[0058] As illustrated in FIG. 2, the embedded desiccator
(104) contains a liquid solution from which a quantity of
liquid is to be converted into vapor. The liquid solution
contained in the embedded desiccator (104) interacts with
the incoming flow of the warmed air originating from the
solar collector (101) through a solar collector-to-desiccator
pipe (105). The incoming warmed air from the solar collec-
tor (101) is relatively dry with low vapor content with low
entrained vapor, compared to the equilibrium vapor pressure
of the solution inside the embedded desiccator (104). There-
fore, when the liquid solution inside the embedded desic-
cator (104) is brought into contact with the incoming
warmed air through the solar collector-to-desiccator pipe
(105), the liquid in the solution expeditiously evaporates
into the air inside the embedded desiccator (104). This
increases the vapor content of the air inside the embedded
desiccator (104) as it passes through.

[0059] The vapor-infused air inside the embedded desic-
cator (104) then passes through the liquid condenser recov-
ery system (102) that contains a colder surface to activate a
thermal energy transfer from the airflow to the colder
surface. This energy transfer causes the condensable vapors
contained in the humidified air to condense into liquid,
which is then collected in a liquid collection container (112)
after being periodically or continuously transferred out of
the recovery system through a condensation exit hole in the
liquid recovery condenser system (102). Subsequently, the
airflow moves through the heated chimney (103) and exits
out of the second novel solar chimney-based desiccation
system (200) towards an external atmosphere. In a preferred
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embodiment of the invention, the interior surface of the
heated chimney (103) is sufficiently heated to reduce or
eliminate reflux, which is an undesirable phenomenon that
causes operating inefficiencies in conventional solar chim-
ney designs due to frequent liquid condensation inside a
conventional solar chimney.

[0060] Furthermore, the heating of the interior surface of
the heated chimney (103) increases thermal energy to the
vapor-infused air passing through the second novel solar
chimney-based desiccation system (200), thus enabling the
egressing air to become additionally buoyant. The interior
surface heating of the chimney can be achieved by electri-
cally-powered heating, direct solar heating of the chimney,
or heating with other available thermal energy sources from
the external environment near the second novel solar chim-
ney-based desiccation system (200). By heating the chimney
that functions as an air exit pipe, the second novel solar
chimney-based desiccation system (200) becomes a thermal
transistor through which airflow and entropy transfer are
enabled by a seemingly-smaller energy input to an open
physical system capable of attracting useful external energy
sources.

[0061] As illustrated in FIG. 2, the second novel solar
chimney-based desiccation system (200) allows outside air
to enter an open physical desiccation system through a solar
collector entrance (107), wherein the air is heated within the
solar collector (101). Then, the heated air acquires vapors in
the embedded desiccator (104) and becomes vapor-infused,
after which condensed vapors can be preemptively collected
by the liquid recovery condenser system (102), while the
processed airflow exits the open physical desiccation system
through the heated chimney (103). In some embodiments of
the invention, the addition of the liquid recovery condenser
system (102) may improve operating capacity and efficiency
of a solar chimney-based desiccation system.

[0062] FIG. 3 shows a third novel solar chimney-based
desiccation system (300) with an addition of an air transfer
tube (108) that allows an airflow to pass through the liquid
recovery condenser system (102) before entering the solar
collector (101), in accordance with an embodiment of the
invention. In this embodiment of the invention as shown in
FIG. 3, the liquid recovery condenser system (102) is
installed between the embedded desiccator (104) and the
heated chimney (103), and also includes a novel air conduit
between the liquid recovery condenser system (102) and the
solar collector (101) with the air transfer tube (108).
[0063] In the liquid recovery condenser system (102),
condensable vapors present in the airflow come into contact
with a colder surface, which facilitates a thermal energy
transfer from the airflow to the colder surface. This energy
transfer causes the condensable vapors to condense into a
liquid state, which is then collected in a liquid collection
container (112) after being periodically or continuously
transferred out of the container through a condensation exit
hole in the liquid recovery condenser system (102). This
condensed liquid collection process enables the third novel
solar chimney-based desiccation system (300) to recover
some of the liquid that has been evaporated in the embedded
desiccator (104).

[0064] Importantly, in the embodiment of the invention as
shown in FIG. 3, the air transtfer tube (108) in the third novel
solar chimney-based desiccation system (300) allows an
incoming airflow into the desiccation system from outside to
also pass through the liquid recovery condenser system
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(102) first, before reaching the solar collector (101) for solar
energy-based heating of the air. Preferably, the air transfer
tube (108) is a separate piping element from an exhaust
piping element that carries out a processed column of air
from the embedded desiccator (104) to the heated chimney
(103) through the liquid recovery condenser system (102).
[0065] In some instances, utilizing the air transfer tube
(108) may enable pre-heating of the incoming airflow
through an ambient exposure to the thermal energy (i.e. heat)
transferred out of the vapors near the exhausting piping
element in the liquid recovery condenser system (102), thus
providing an efficient energy recovery feedback loop in the
third novel solar chimney-based desiccation system (300).
The pre-heated incoming airflow is then directed to the solar
collector (101) via the solar collector entrance (107) for
solar heating, followed by a desiccation process in the
embedded desiccator (104), and then by an exhaust process
through the liquid recovery condenser system (102) and the
heated chimney (103), as described previously for FIG. 2.
The pre-heating of the incoming airflow by utilizing the air
transfer tube (108) allows a higher starting ambient air
temperature before heating up the air inside the solar col-
lector (101), which improves the overall system efficiency
for the novel solar chimney-based desiccation.

[0066] A preferred embodiment (500) of the liquid recov-
ery condenser system is illustrated in FIG. 5 as a heat
exchanger. In this embodiment, air flows through the heat
exchanger from 114 to 115, cooling a surface and carrying
away heat from that surface. Enriched air containing a
condensable component passes over the other side of the
surface from 117 to 113, heating the surface and condensing
the condensable component on the surface. The condensable
component, now liquid, drips down and goes out through
116 at the bottom of the heat exchanger.

[0067] Preferably, the liquid recovery condenser system
utilizes two fluid flows. The air enters the liquid recovery
condenser system through an opening (114), passes over a
surface separating the cooler air from the warm vapor-
infused air, and exits through a second opening (115).
Simultaneously, the warm vapor-infused air enters the liquid
recovery condenser system through an opening hermetically
(117) and passes on the other side of the surface separating
the cold and warm chambers of the liquid recovery con-
denser system. Liquid condenses on the cooled surface and
drains to the bottom of the liquid recovery condenser
system, exiting at through an opening in the bottom (116).
The warm vapor-infused air continues out of the liquid
recovery condenser system through an opening (113).
[0068] FIG. 4 shows a completed desiccation system (400)
based on the novel solar chimney design embodied in FIG.
3, with an input tank (110) for the embedded desiccator
(104), an output tank (109) for the embedded desiccator
(104), and an output pipe (111) connecting the output tank
(109) to the embedded desiccator.

[0069] In this embodiment of the invention, the input tank
(110) is utilized to insert a liquid solution into the embedded
desiccator (104), while the output tank (109) is utilized to
drain a remaining, desiccated, and/or processed product out
of the embedded desiccator (104). Preferably, the input tank
(110) is positioned above the embedded desiccator (104) to
be gravity-fed, and the output tank (109) and the output pipe
(111) are generally positioned below the embedded desic-
cator (104) to enable gravity-assisted drainage of the
remaining, desiccated, and/or processed product out of the
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embedded desiccator (104) without the use of an additional
pump element. In other embodiments of the invention, pump
elements may be necessary or desirable to accelerate liquid
insertion or output drainage, at the discretion of a desicca-
tion system construction designer.
[0070] FIG. 6 shows an alternate embodiment (600) of a
novel solar chimney-based desiccation system with the
embedded desiccator (104), the solar collector (101), and the
heated chimney (103) in a non-heated desiccation configu-
ration. Optionally, this alternate embodiment (600) may also
include a solar collector angle adjuster (106). In this embodi-
ment of the invention, air enters the embedded desiccator
(104) from an external environment, and comes into contact
with a pool of liquid. A portion of the liquid vaporizes and
is entrained in the airflow to form an enriched airflow with
vaporized molecules.
[0071] The embedded desiccator (104) is operatively
attached to the solar collector (101), enabling air to flow
freely between the two components. The enriched air then
enters the solar collector (101) where photonic energy is
absorbed and transformed into heat. Some quantity of the
heat is transferred to the enriched air flow.
[0072] As shown in FIG. 6, the heated chimney (103) is
operatively attached to the solar collector (101) so that air
may flow freely between them. The warm enriched air
continues into the heated chimney (103) from the solar
collector (101), rising through the chimney and exiting from
the topmost opening into the environment. The heated
chimney (103) is heated above the dew point of the liquid
vapor traveling through, preventing condensation of the
vapor as it moves through the heated chimney (103).
[0073] While the invention has been described with
respect to a limited number of embodiments, those skilled in
the art, having benefit of this disclosure, will appreciate that
other embodiments can be devised which do not depart from
the scope of the invention as disclosed herein. Accordingly,
the scope of the invention should be limited only by the
attached claims.
What is claimed is:
1. A solar chimney-based desiccation system comprising:
a solar collector with a surface area to accumulate and
absorb solar radiation and convert the solar radiation
into thermal energy, wherein the solar collector heats a
quantity of air coming into the solar collector through
a solar collector entrance;
an embedded desiccator with an internal space to deposit
a liquid solution inside and operatively connected to the
solar collector to receive a solar-heated quantity of air
from the solar collector through a solar collector-to-
desiccator pipe, wherein at least a portion of the liquid
solution is vaporized after contact with the solar-heated
quantity of air, which is directed into the embedded
desiccator; and
a heated chimney operatively connected to the embedded
desiccator to receive and expel a vapor-enriched quan-
tity of air containing vapors from the liquid solution to
an external environment outside the solar chimney-
based desiccation system, wherein an interior surface
of the heated chimney is heated above a dew point of
the vapors to prevent reflux and condensation of the
vapors alongside the interior surface of the heated
chimney, as the vapors rise through the heated chimney.
2. The solar chimney-based desiccation system of claim 1,
further comprising an input tank operatively connected to
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the embedded desiccator to deposit the liquid solution,
wherein the input tank is located above the embedded
desiccator to enable gravity feeding of the liquid solution.

3. The solar chimney-based desiccation system of claim 1,
further comprising an output tank operatively connected to
the embedded desiccator through an output pipe to drain a
desiccated or processed remainder of the liquid solution,
wherein the output tank is located below the embedded
desiccator to enable gravity-assisted draining of the desic-
cated or processed remainder of the liquid solution.

4. The solar chimney-based desiccation system of claim 1,
wherein the interior surface of the heated chimney is heated
by an electric heater, a fuel furnace, solar insolation, or a
combination thereof.

5. The solar chimney-based desiccation system of claim 1,
further comprising a solar collector angle adjuster opera-
tively connected to the solar collector to optimize, tilt, and
adjust a current angle of the solar collector relative to a
current position of the Sun.

6. A solar chimney-based desiccation system comprising:

a solar collector with a surface area to accumulate and
absorb solar radiation and convert the solar radiation
into thermal energy, wherein the solar collector heats a
quantity of air coming into the solar collector through
a solar collector entrance;

an embedded desiccator with an internal space to deposit
a liquid solution inside and operatively connected to the
solar collector to receive a solar-heated quantity of air
from the solar collector through a solar collector-to-
desiccator pipe, wherein at least a portion of the liquid
solution is vaporized after contact with the solar-heated
quantity of air, which is directed into the embedded
desiccator;

a heated chimney operatively connected to the embedded
desiccator to receive and expel a vapor-enriched quan-
tity of air containing vapors from the liquid solution to
an external environment outside the solar chimney-
based desiccation system, wherein an interior surface
of the heated chimney is heated above a dew point of
the vapors to prevent reflux and condensation of the
vapors alongside the interior surface of the heated
chimney, as the vapors rise through the heated chim-
ney; and

a liquid recovery condenser system operatively connected
between the embedded desiccator and the heated chim-
ney, wherein the liquid recovery condenser system
contains a cold internal surface area to cool the vapor-
enriched quantity of air containing the vapors coming
out of the embedded desiccator but before entering the
heated chimney, wherein at least a portion of the vapors
are condensed as liquid in a liquid collection container
inside or operatively connected to the liquid recovery
condenser system.

7. The solar chimney-based desiccation system of claim 6,
further comprising an air transfer tube connecting the solar
collector entrance and the liquid recovery condenser system
to preheat the quantity of air coming into the solar collector
with a thermal energy recovered during condensation of the
vapors coming out of the embedded desiccator, wherein the
air transfer tube provides a heat recapture and an energy-
conserving feedback loop to the solar chimney-based des-
iccation system.

8. The solar chimney-based desiccation system of claim 6,
further comprising an input tank operatively connected to
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the embedded desiccator to deposit the liquid solution,
wherein the input tank is located above the embedded
desiccator to enable gravity feeding of the liquid solution.
9. The solar chimney-based desiccation system of claim 6,
further comprising an output tank operatively connected to
the embedded desiccator through an output pipe to drain a
desiccated or processed remainder of the liquid solution,
wherein the output tank is located below the embedded
desiccator to enable gravity-assisted draining of the desic-
cated or processed remainder of the liquid solution.
10. The solar chimney-based desiccation system of claim
6, wherein the interior surface of the heated chimney is
heated by an electric heater, a fuel furnace, or by solar
insolation.
11. The solar chimney-based desiccation system of claim
6, further comprising a solar collector angle adjuster opera-
tively connected to the solar collector to optimize, tilt, and
adjust a current angle of the solar collector relative to a
current position of the Sun.
12. A solar chimney-based desiccation system compris-
ing:
an embedded desiccator with an external air entrance to
receive a quantity of unheated external air and an
internal space to deposit a liquid solution inside,
wherein at least a portion of the liquid solution is
vaporized after contact with the quantity of unheated
external air to become a vapor-enriched quantity of air,
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which is then directed into a solar collector operatively
connected to the embedded desiccator;

the solar collector with a surface area to accumulate and

absorb solar radiation and convert the solar radiation
into thermal energy, wherein the solar collector heats
the vapor-enriched quantity of air coming from the
embedded desiccator; and

a heated chimney operatively connected to the solar

collector to receive and expel a solar-heated and vapor-
enriched quantity of air containing vapors originating
from the liquid solution to an external environment
outside the solar chimney-based desiccation system,
wherein an interior surface of the heated chimney is
heated above a dew point of the vapors to prevent reflux
and condensation of the vapors alongside the interior
surface of the heated chimney, as the vapors rise
through the heated chimney.

13. The solar chimney-based desiccation system of claim
12, wherein the interior surface of the heated chimney is
heated by an electric heater, a fuel furnace, solar insolation,
or a combination thereof.

14. The solar chimney-based desiccation system of claim
12, further comprising a solar collector angle adjuster opera-
tively connected to the solar collector to optimize, tilt, and
adjust a current angle of the solar collector relative to a
current position of the Sun.
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