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SOLAR THERMAL UNIT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is based on and derives the benefit of the filing date of United
States Provisional Application No. 62/319,721, filed April 7, 2016. The entire

content of this application is herein incorporated by reference in its entirety.

BRIEF SUMMARY

[0002] The present technology provides solar thermal units and methods of
operating solar thermal units. Solar thermal units of the present technology are

configured to convert solar insolation to thermal energy.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0003] Specific examples have been chosen for purposes of illustration and
description, and are shown in the accompanying drawings, forming a part of the

specification.

[0004] Figure 1 is a perspective view of one example of a solar thermal unit of

the present technology.
[0005] Figure 2 is an exploded view of the solar thermal unit of Figure 1.

[0006] Figure 3 is a cross-sectional side view of the solar thermal unit of

Figure 1, showing the flow path of the heat absorbing fluid.

[0007] Figure 4 is a cross-sectional side view of a portion of the solar thermal

unit of Figure 3, showing the flow path of the heat absorbing fluid.

[0008] Figure 5 is a cross-sectional side view of a second example of a solar

thermal unit of the present technology.

[0009] Figure 6 is a cross-sectional side view of a third example of a solar

thermal unit of the present technology.

[0010] Figure 7 is a cross-sectional side view of a fourth example of a solar
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thermal unit of the present technology.

[0011] Figure 8 is a graph of a non-linear temperature profile in the absorber a

solar thermal unit of the present technology.

[0012] Figure 9 is a graph of insolation versus time showing the results of

testing one example of a solar thermal unit of the present technology.

[0013] Figure 10 is a diagram of a first system for generating liquid water

from air in which a solar thermal unit of the present technology may be used.

[0014] Figure 11 is a diagram of a second system for generating liquid water

from air in which a solar thermal unit of the present technology may be used.

[0015] Figure 12 is an exploded view of a fifth example of a solar thermal unit

of the present technology.

[0016] Figure 13 is a is a cross-sectional side view of the solar thermal unit of

Figure 12, showing the flow path of the heat absorbing fluid.

[0017] Figure 14 is a graph of the efficiency versus temperature above

ambient of the fifth example of the solar thermal unit, at two different flow rates.

DETAILED DESCRIPTION

[0018] The terms "comprise" (and any form of comprise, such as "comprises"
and "comprising"), "have" (and any form of have, such as "has" and "having"),
"include" (and any form of include, such as "includes" and "including"), and "contain"
(and any form of contain, such as "contains" and "containing") are open-ended linking
verbs. As a result, an apparatus that "comprises,”" "has," "includes," or "contains" one
or more elements possesses those one or more elements, but is not limited to
possessing only those elements. Likewise, a method that "comprises," "has,"
"includes," or "contains" one or more steps possesses those one or more steps, but is

not limited to possessing only those one or more steps.

[0019] Any embodiment of any of the apparatuses, systems, and methods can
consist of or consist essentially of - rather than comprise/include/contain/have - any of
the described steps, elements, and/or features. Thus, in any of the claims, the term
"consisting of or "consisting essentially of can be substituted for any of the open-
ended linking verbs recited above, in order to change the scope of a given claim from
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what it would otherwise be using the open-ended linking verb.

[0020] The feature or features of one embodiment may be applied to other
embodiments, even though not described or illustrated, unless expressly prohibited by

this disclosure or the nature of the embodiments.

[0021] Some details associated with the embodiments described above and

others are described below.

[0022] Solar thermal units of the present technology convert solar insolation
to thermal energy by transferring energy from sunlight to a heat absorbing fluid that
flows through the solar thermal unit. In at least some examples, solar thermal units of
the present technology may be configured such that the temperature gradient increases
along the depth of the solar thermal unit, in the direction that the heat absorbing fluid
flows along either flow path from the inlet to the outlet. This may result in heat being
substantially extracted or directed away from the upper layers of the system, such as a
glazing layer that has contact with ambient air, keeping such layers relatively cool. In
contrast, conventional solar thermal units tend to have an outer surface that is very
hot. The configuration of the solar thermal unit may also result in heat from the solar
insolation being directed to and retained in the most insulated areas of the unit,

reducing radiative losses from the unit.

[0023] The present disclosure further provides an apparatus and method for
generating energy and/or water with integrated solar thermal and photovoltaic
conversion devices. Merely by way of example, the invention has been applied to a
solar module and water generation devices, but it would be recognized that the

invention has a much broader range of applicability.

[0024] Figures 1-4 illustrate one example of a solar thermal unit 100 of the
present technology. The solar thermal unit 100 has a split-flow design having two
fluid flow paths.

[0025] With respect to the first fluid flow path, on the right hand side of solar
thermal unit 100, there is a first glazing layer 102 that has an outer surface 104 and an
inner surface 106. The outer surface 104 of the first glazing layer 102 may be
exposed to ambient air. The first fluid flow path of the solar thermal unit 100 also has

a first porous light absorbing material layer 108, which is below and spaced apart
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from the first glazing layer 102. The first porous light absorbing material layer 108
has a top surface 110, a thickness 112, and a bottom surface 114. A heat absorbing
fluid 116, or a portion thereof, may flow through the solar thermal unit 100 along the
first fluid flow path from the inlet 120 to the outlet 122.

[0026] As shown, the first glazing layer 102 and the first porous light
absorbing material layer 108 each have the same width W and length L;. In
alternative examples, including as those shown in Figures 6 and 7, the first glazing
layer may have a length L, which is greater that the length L; of the first porous light
absorbing material layer 108, and which may extend across the length of both fluid

flow paths.

[0027] When it enters the solar thermal unit 100 through inlet 120, the heat
absorbing fluid 116 may have an initial temperature, which may or may not be equal
to the temperature of the ambient air outside the solar thermal unit 100, depending
upon the application. After entering the solar thermal unit 100 through the inlet 120,
at least part of the heat absorbing fluid 116 may flow along a first portion 118 of the
first fluid flow path, which extends from the inlet 120 along the inner surface 106 of
the first glazing layer 102. The heat absorbing fluid 116 may flow along the entire
length L, of the inner surface 106 of the first glazing layer 102 as it flows along the
first portion 118 of the first fluid flow path.

[0028] The flow path of the heat absorbing fluid 116 along the first portion
118 of the first fluid flow path may be controlled by the structure geometry of the
inlet 120, and/or the overall solar thermal unit 100. For example, inlet 120 may
include one or more nozzles through which the heat absorbing fluid 116 flows into the
solar thermal unit 100. The one or more nozzles may control the velocity and
direction of the heat absorbing fluid 116 as it flows along the first portion 118 of the
first fluid flow path. Alternatively, the solar thermal unit 100 may include at least one

an interstitial layer, as described below.

[0029] Additionally, within the first portion 118 of the first fluid flow path,
the heat absorbing fluid 116 may be evenly distributed across the entire width W of
the inner surface 106 of the first glazing layer 102. As it travels along the first portion
118 of the first fluid flow path, the heat absorbing fluid 116 may collect heat from
along the inner surface 106 of the first glazing layer 102. The temperature of the heat

4
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absorbing fluid 116 at the end of the first portion 118 of the first fluid flow path may
thus be greater than the initial temperature of the heat absorbing fluid 116 at inlet 120.
The amount of the temperature increase may be dependent upon several factors,

including the level of insolation, ambient temperature, and inlet temperature.

[0030] After flowing through the first portion 118 of the first fluid flow path,
the heat absorbing fluid 116 may then flow through a first transition 138 and then
along a second portion 140 of the of the first fluid flow path. The second portion 140
of the first fluid flow path extends along the top surface 110 of the porous light
absorbing material layer 108. At least a portion of the heat absorbing fluid 116 may
flow along the entire length L; of the top surface 110 of the porous light absorbing
material layer 108 as it flows along the second portion 140 of the of the first fluid
flow path. Additionally, within the second portion 140 of the of the first fluid flow
path, the heat absorbing fluid 116 may be evenly distributed across the entire width W
of the top surface 110 of the porous light absorbing material layer 108. As it travels
along the second portion 140 of the of the first fluid flow path, the heat absorbing
fluid 116 may collect heat from along the top surface 110 of the porous light
absorbing material layer 108. The temperature of the heat absorbing fluid 116 at the
end of the second portion 140 of the first fluid flow path may thus be greater than the
temperature of the heat absorbing fluid 116 at the end of the first portion 118 of the
first fluid flow path, as well as being greater than the initial temperature of the heat

absorbing fluid 116 at inlet 120.

[0031] After flowing through the second portion 140 of the of the first fluid
flow path, the heat absorbing fluid 116 may then flow along a third portion 142 of the
first fluid path, through the thickness 112 of the porous light absorbing material layer
108. The heat absorbing fluid 116 may collect heat from within the first porous light
absorbing material layer 108 as it flows along the third portion 142 of the first fluid
path. The temperature of the heat absorbing fluid 116 at the end of the third portion
142 of the first fluid flow path may thus be greater than the temperature of the heat
absorbing fluid 116 at the end of the second portion 140 of the first fluid flow path, as
well as being greater than the initial temperature of the heat absorbing fluid 116 at

inlet 120.

[0032] After flowing through the third portion 142 of the of the first fluid flow
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path, the heat absorbing fluid 116 may then flow along a fourth portion 144 of the
first fluid path, along the bottom surface 114 porous light absorbing material layer
108 to the outlet 122, where the heat absorbing fluid may exit the solar thermal unit
100. The heat absorbing fluid 116 may collect heat from the bottom surface 114
porous light absorbing material layer 108, The heat absorbing fluid 116 may collect
heat from the bottom surface 114 of the first porous light absorbing material layer
110, as well as from any other components, such as the insulation layer 130, that it
contacts as it flows along the fourth portion 144 of the first fluid path. The
temperature of the heat absorbing fluid 116 at the end of the fourth portion 144 of the
first fluid flow path may thus be greater than the temperature of the heat absorbing
fluid 116 at the end of the third portion 142 of the first fluid flow path, as well as
being greater than the initial temperature of the heat absorbing fluid 116 at inlet 120.

[0033] The solar thermal unit 100 may also have an insulation layer 130,
which may have at least a bottom 132 and a side wall 134. The sidewall 134 may
extend around the entire perimeter of the solar thermal unit 100. The insulation layer
130 may be below and spaced apart from the first porous light absorbing material
layer 108. The insulation layer 130 may be configured to provide a first flow channel
136 that forms part of the fourth portion 144 of the first fluid path. The fourth portion
144 of the first fluid path may flow along the first flow channel 136, beneath the
porous light absorbing material layer 108, to the outlet 122,

[0034] Further, with respect to the first fluid flow path 118, the solar thermal
unit 100 may have one or more interstitial layers, such as first interstitial layer 124,
between the first glazing layer 102 and the first porous light absorbing material layer
108. Interstitial layer 124 may promote flow interaction with the first glazing layer
102 and result in increased heat extraction from the first glazing layer 102. As
illustrated, the first interstitial layer 124 may be a glazing, and may be made of the
same material or a different material that the first glazing layer 102, and/or may
include one or more photovoltaic (PV) panels. The first interstitial layer 124 may
have a top surface 126 and a bottom surface 128. The top surface 126 of the first
interstitial layer 124 is below and spaced apart from the inner surface 106 of the first
glazing layer 102 and the bottom surface 128 of the first interstitial layer 124 is above
and spaced apart from the top surface 110 of the first porous light absorbing material
layer 108.
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[0035] In examples where the solar thermal unit 100 includes a first interstitial
layer 124, the first transition 138 may include a turn in the first fluid path, around an
end 192 of the first interstitial layer 124. As illustrated in Figures 3 and 4, the first
glazing layer 102 has a length L;, and the first interstitial layer 124 has a length that is
less than the length of the first glazing layer 102. The shorter length of the first
interstitial layer 124 creates a first gap 194 between the end 192 of the first interstitial
layer 124 and the side wall 134 of the insulation layer 130. The turn of the first
transition 138 may redirect the heat absorbing fluid 116 over an angle that may be up
to about 180°, including being between about 90° and about 180°. The first
interstitial layer 124 may have a width that is equal to the width W of the first glazing
layer 102. In such an example, the first portion 118 of the first fluid path extends
from the inlet 120 along the inner surface 104 of the first glazing layer 102 between
the inner surface 104 of the first glazing layer 102 and the top surface 126 of the first
interstitial layer 124, and the second portion 140 of the first fluid path extends
between the bottom surface 128 of the first interstitial layer 124 and the top surface
110 of the first porous light absorbing material layer 108. The second portion 140 of
the first fluid path may be in contact with the bottom surface 128 of the first
interstitial layer 124, and may thereby collect heat from the first interstitial layer 124.

[0036] In examples where the solar thermal unit 100 includes a first interstitial
layer 124, the heat absorbing fluid may also extract heat from the interstitial layer 124
as it flows along the first fluid flow path. For example, as the heat absorbing fluid
116 travels along the first portion 118 of the first fluid flow path, the heat absorbing
fluid 116 may collect heat from along the inner surface 106 of the first glazing layer
102 and from the top surface 126 of the first interstitial layer 124. Also, as it travels
along the second portion 140 of the of the first fluid flow path, the heat absorbing
fluid 116 may collect heat from along the bottom surface 128 of the first interstitial
layer 124 and along the top surface 110 of the porous light absorbing material layer
108. As discussed above, the temperature gradient of the heat absorbing fluid 116
may increase as the heat absorbing fluid flows along the first fluid flow path from the
inlet 120 to the outlet 122, and the temperature of the heat absorbing fluid at the outlet
122 may be greater than the temperature of the heat absorbing fluid 116 at the inlet
120.

[0037] The second fluid flow path, on the left hand side of solar thermal unit
7
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100, may have the same set of components as the first fluid flow path, and may be a
mirror image of the first fluid flow path. As shown, the left hand side of solar thermal
unit 100 includes second glazing layer 146 that has an outer surface 148 and an inner
surface 150. The outer surface 148 of the second glazing layer 146 may be exposed
to ambient air. The left hand side of solar thermal unit 100 also has a second porous
light absorbing material layer 152, which is below and spaced apart from the second
glazing layer 146. The second porous light absorbing material layer 152 has a top
surface 154, a thickness 156, and a bottom surface 158. The heat absorbing fluid 116,
or a portion thereof, may flow through the solar thermal unit 100 along the second
fluid flow path from the inlet 120 to the outlet 122. As shown, the second glazing
layer 146 and the second porous light absorbing material layer 152 each have the

same width W and length L.

[0038] As discussed above, when it enters the solar thermal unit 100 through
inlet 120, the heat absorbing fluid 116 may have an initial temperature. After entering
the solar thermal unit 100 through the inlet 120, at least part of the heat absorbing
fluid 116 may flow along a first portion 160 of the second fluid flow path, which
extends from the inlet 120 along the inner surface 150 of the second glazing layer
146. The heat absorbing fluid 116 may flow along the entire length L, of the inner
surface 150 of the second glazing layer 146 as it flows along the first portion 160 of
the second fluid flow path. Additionally, within the first portion 160 of the second
fluid flow path, the heat absorbing fluid 116 may be evenly distributed across the
entire width W of the inner surface 106 of the first glazing layer 102. As it travels
along the first portion 160 of the second fluid flow path, the heat absorbing fluid 116
may collect heat from along the inner surface 150 of the second glazing layer 146.
The temperature of the heat absorbing fluid 116 at the end of the first portion 160 of
the second fluid flow path may thus be greater than the initial temperature of the heat

absorbing fluid 116 at inlet 120.

[0039] After flowing through the first portion 160 of the second fluid flow
path, the heat absorbing fluid 116 may then flow through a second transition 162 and
then along a second portion 164 of the of the second fluid flow path. The second
portion 140 of the first fluid flow path extends along the top surface 154 of the second
porous light absorbing material layer 152. At least a portion of the heat absorbing
fluid 116 may flow along the entire length L; of the top surface 154 of the second

8



WO 2017/177143 PCT/US2017/026609

porous light absorbing material layer 152 as it flows along the second portion 164 of
the of the second fluid flow path. Additionally, within the second portion 164 of the
of the second fluid flow path, the heat absorbing fluid 116 may be evenly distributed
across the entire width W of the top surface 154 of the porous light absorbing material
layer 152. As it travels along the second portion 164 of the of the second fluid flow
path, the heat absorbing fluid 116 may collect heat from along the top surface 154 of
the porous light absorbing material layer 152. The temperature of the heat absorbing
fluid 116 at the end of the second portion 164 of the second fluid flow path may thus
be greater than the temperature of the heat absorbing fluid 116 at the end of the first
portion 160 of the second fluid flow path, as well as being greater than the initial

temperature of the heat absorbing fluid 116 at inlet 120.

[0040] After flowing through the second portion 164 of the of the second fluid
flow path, the heat absorbing fluid 116 may then flow along a third portion 166 of the
second fluid path, through the thickness 156 of the second porous light absorbing
material layer 152. The heat absorbing fluid 116 may collect heat from within the
second porous light absorbing material layer 152 as it flows along the third portion
166 of the second fluid path. The temperature of the heat absorbing fluid 116 at the
end of the third portion 166 of the second fluid flow path may thus be greater than the
temperature of the heat absorbing fluid 116 at the end of the second portion 164 of the
second fluid flow path, as well as being greater than the initial temperature of the heat

absorbing fluid 116 at inlet 120.

[0041] After flowing through the third portion 142 of the of the second fluid
flow path, the heat absorbing fluid 116 may then flow along a fourth portion 168 of
the second fluid path, along the bottom surface 158 of the second porous light
absorbing material layer 152 to the outlet 122, where the heat absorbing fluid 116
may exit the solar thermal unit 100. The heat absorbing fluid 116 may collect heat
from the bottom surface 158 of the second porous light absorbing material layer 152,
as well as from any other components, such as the insulation layer 130, that it contacts
as it flows along the fourth portion 168 of the second fluid path. The temperature of
the heat absorbing fluid 116 at the end of the fourth portion 168 of the second fluid
flow path may thus be greater than the temperature of the heat absorbing fluid 116 at
the end of the third portion 166 of the second fluid flow path, as well as being greater
than the initial temperature of the heat absorbing fluid 116 at inlet 120.

9
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[0042] The insulation layer 130 may be below and spaced apart from the
second porous light absorbing material layer 152. The insulation layer 130 may be
configured to provide a second flow channel 176 that forms part of the fourth portion
168 of the second fluid path. The fourth portion 168 of the second fluid path may
flow along the second flow channel 176, beneath the second porous light absorbing

material layer 152, to the outlet 122.

[0043] Further, with respect to the second fluid flow path, the solar thermal
unit 100 may have one or more interstitial layers, such as second interstitial layer 170,
between the second glazing layer 146 and the second porous light absorbing material
layer 152, As illustrated, the second interstitial layer 170 may be a glazing or a
different suitable material, and may be made of the same material or a different
material that the second glazing layer 146 and/or may include one or more
photovoltaic (PV) panels. The second interstitial layer 170 may have a top surface
172 and a bottom surface 174. The top surface 172 of the second interstitial layer 170
is below and spaced apart from the inner surface 150 of the second glazing layer 146
and the bottom surface 174 of the second interstitial layer 170 is above and spaced
apart from the top surface 154 of the second porous light absorbing material layer
152.

[0044] In examples where the solar thermal unit 100 includes a second
interstitial layer 170, the second transition 162 may include a turn in the second fluid
path, around an end 196 of the second interstitial layer 170. As illustrated in Figures
3 and 4, the second glazing layer 146 has a length L,, and the second interstitial layer
170 has a length that is less than the length L, of the first glazing layer 146. The
shorter length of the second interstitial layer 170 creates a second gap 198 between
the end 196 of the first interstitial layer 146 and the side wall 134 of the insulation
layer 130. The turn of the second transition 162 may redirect the heat absorbing fluid
116 over an angle that may be up to about 180°, including being between about 90°
and about 180°. The second interstitial layer 170 may have a width that is equal to the
width W of the second glazing layer 146. In such an example, the first portion 160 of
the second fluid path extends from the inlet 120 along the inner surface 150 of the
second glazing layer 146 between the inner surface 150 of the second glazing layer
146 and the top surface 172 of the second interstitial layer 170, and the second portion
164 of the second fluid path extends between the bottom surface 174 of the second

10
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interstitial layer 170 and the top surface 154 of the second porous light absorbing

material layer 152.

[0045] In examples where the solar thermal unit 100 includes a second
interstitial layer 170, the heat absorbing fluid 116may also extract heat from the
second interstitial layer 170 as it flows along the second fluid flow path. For
example, As it travels along the first portion 160 of the second fluid flow path, the
heat absorbing fluid 116 may collect heat from along the inner surface 150 of the
second glazing layer 146 and from the top surface 172 of the second interstitial layer
170. Also, as it travels along the second portion 164 of the of the second fluid flow
path, the heat absorbing fluid 116 may collect heat from along the bottom surface 174
of the second interstitial layer 170 and along the top surface 154 of the porous light
absorbing material layer 152. As discussed above, the temperature gradient of the
heat absorbing fluid 116 may increase as the heat absorbing fluid flows along the
second fluid flow path from the inlet 120 to the outlet 122, and the temperature of the
heat absorbing fluid at the outlet 122 may be greater than the temperature of the heat
absorbing fluid 116 at the inlet 120.

[0046] As shown in Figures 3 and 4, the first and second fluid flow paths may
each be enclosed on the bottom and the sides by the insulation layer 130, and on the
top by the first glazing layer 102 or the second glazing layer 146, respectively. The
enclosed sections of the solar thermal unit 100 may provide sealed flow chambers,
such that the heat absorbing fluid does not leak out of the solar thermal unit 100 as it
flows from the inlet 120 to the outlet 122. For example, a first sealed flow chamber
178 may be provided that is bounded by the first glazing layer 102, the bottom 132 of
the insulation 130, the side wall 134 of the insulation 130, and a wall of the plenum
184. The first sealed chamber encloses the first fluid path. Similarly, a second sealed
flow chamber 180 may be provided that is bounded by the second glazing layer 146,
the bottom 132 of the insulation 130, the side wall 134 of the insulation 130, and a

wall of the plenum 184. The second sealed chamber encloses the second fluid path.

[0047] The solar thermal unit 100 may also have a protective housing 182 that
surrounds and encloses at least a portion of the fluid flow paths and the components

forming the fluid flow paths, including the insulation layer 130.

[0048] As can be seen in Figures 3 and 4, the split-flow solar thermal unit 100

11
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may have a plenum 184 separating the first glazing layer 102 and first porous light
absorbing material layer 108 from the second glazing layer 146 and the second porous
light absorbing material layer 152. The plenum 184 may have a plenum cover 186
and an upper plenum chamber 188 below the plenum cover 186. The inlet 120 may
be located in the plenum 184. The inlet 120 may be configured to evenly divide and
direct inflowing heat absorbing fluid between the first fluid path and the second fluid
path. The inlet may be further configured to cause the heat absorbing fluid to enter
the upper plenum chamber 188.

[0049] In addition to creating thermal energy, some examples of solar thermal
units of the present technology may also create electrical energy. In such examples,
the electrical energy may be created by a photovoltaic panel (PV) 190 that includes
one or more photovoltaic cells, which may comprise at least a portion of the plenum
cover 186. The heat absorbing fluid 116 that enters the upper plenum chamber 188
from the inlet 122 may collect heat from the photovoltaic panel 190 before continuing
along the first flow path or the second flow path. Because photovoltaic cells operate
more efficiently when they are cooled, the heat absorbing fluid collecting heat from
the photovoltaic panel 190 may maintain or improve the efficiency of the photovoltaic
panel 190, as well as increasing the amount heat absorbed by the heat absorbing fluid.
The rear side of the PV panel may be modified to promote flow interaction with the
panel to enhance cooling of the panel. Additionally, the cell layout and wiring of the
panel may be optimized to maximize the panels performance considering temperature

gradients across the panel.

[0050] One alternative example of a solar thermal unit 500 of the present
technology, having a single fluid flow path, is illustrated in Figure 5. In at least some
examples, the solar thermal unit 500 may be configured such that the temperature
gradient increases through the unit, along the fluid flow path from the inlet 520 to the
outlet 522.

[0051] As shown, solar thermal unit 500 has a glazing layer 502 that has an
outer surface 504 and an inner surface 506. The outer surface 504 of the glazing layer
502 may be exposed to ambient air. The solar thermal unit 500 also has a porous light
absorbing material layer 508, which is below and spaced apart from the glazing layer

502. The porous light absorbing material layer 508 has a top surface 510, a thickness

12
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512, and a bottom surface 514. A heat absorbing fluid 516 may flow through the
solar thermal unit 500 along the fluid flow path from the inlet 520 to the outlet 522.

[0052] When it enters the solar thermal unit 500 through inlet 520, the heat
absorbing fluid 516 may have an initial temperature, which may or may not be equal
to the temperature of the ambient air outside the solar thermal unit 500, depending
upon the application. After entering the solar thermal unit 500 through the inlet 520,
at least part of the heat absorbing fluid 516 may flow along a first portion 518 of the
fluid flow path, which extends from the inlet 520 along the inner surface 506 of the
glazing layer 502. The heat absorbing fluid 516 may flow along the entire length of
the inner surface 506 of the glazing layer 502 as it flows along the first portion 518 of
the fluid flow path. Additionally, within the first portion 518 of the fluid flow path,
the heat absorbing fluid 516 may be evenly distributed across the entire width of the
inner surface 506 of the first glazing layer 502. As it travels along the first portion
518 of the fluid flow path, the heat absorbing fluid 116 may collect heat from along
the inner surface 506 of the first glazing layer 502. The temperature of the heat
absorbing fluid 516 at the end of the first portion 518 of the fluid flow path may thus
be greater than the initial temperature of the heat absorbing fluid 516 at inlet 520.

[0053] After flowing through the first portion 518 of the fluid flow path, the
heat absorbing fluid 516 may then flow through a transition 520 and then along a
second portion 522 of the of the fluid flow path. The second portion 522 of the fluid
flow path extends along the top surface 510 of the porous light absorbing material
layer 508. At least a portion of the heat absorbing fluid 516 may flow along the entire
length of the top surface 510 of the porous light absorbing material layer 508 as it
flows along the second portion 522 of the of the fluid flow path. Additionally, within
the second portion 522 of the of the fluid flow path, the heat absorbing fluid 516 may
be evenly distributed across the entire width of the top surface 510 of the porous light
absorbing material layer 508. As it travels along the second portion 522 of the of the
fluid flow path, the heat absorbing fluid 516 may collect heat from along the top
surface 510 of the porous light absorbing material layer 508. The temperature of the
heat absorbing fluid 516 at the end of the second portion 522 of the fluid flow path
may thus be greater than the temperature of the heat absorbing fluid 516 at the end of
the first portion 518 of the fluid flow path, as well as being greater than the initial
temperature of the heat absorbing fluid 516 at inlet 520.
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[0054] After flowing through the second portion 522 of the of the fluid flow
path, the heat absorbing fluid 516 may then flow along a third portion 524 of the first
fluid path, through the thickness 512 of the porous light absorbing material layer 508.
The heat absorbing fluid 516 may collect heat from within the porous light absorbing
material layer 508 as if flows along the third portion 524 of the fluid path. The
temperature of the heat absorbing fluid 516 at the end of the third portion 524 of the
fluid flow path may thus be greater than the temperature of the heat absorbing fluid
516 at the end of the second portion 522 of the fluid flow path, as well as being
greater than the initial temperature of the heat absorbing fluid 516 at inlet 520.

[0055] After flowing through the third portion 524 of the of the fluid flow
path, the heat absorbing fluid 516 may then flow along a fourth portion 526 of the
fluid path, along the bottom surface 514 porous light absorbing material layer 508 to
the outlet 522, where the heat absorbing fluid may exit the solar thermal unit 500.
The heat absorbing fluid 516 may collect heat from the bottom surface 514 porous
light absorbing material layer 508, as well as from any other components, such as the
insulation layer 534, that it contacts as if flows along the fourth portion 526 of the
fluid path. The temperature of the heat absorbing fluid 516 at the end of the fourth
portion 526 of the fluid flow path may thus be greater than the temperature of the heat
absorbing fluid 516 at the end of the third portion 524 of the fluid flow path, as well
as being greater than the initial temperature of the heat absorbing fluid 516 at inlet

520.

[0056] The solar thermal unit 500 may also have an insulation layer 534,
which may have a bottom 536 and a side wall 538. The insulation layer 534 may be
below and spaced apart from the porous light absorbing material layer 508. The
insulation layer 534 may be configured to provide a first flow channel 540 that forms
part of the fourth portion 526 of the fluid path. The fourth portion 526 of the fluid
path may flow along the first flow channel 540, beneath the porous light absorbing
material layer 508, to the outlet 522.

[0057] Further, the solar thermal unit 500 may have at least one interstitial
layer, such as interstitial layer 528, between the glazing layer 502 and the porous light
absorbing material layer 508. The interstitial layer 528 may be a glazing or a different

suitable material, and may be made of the same material or a different material that
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the glazing layer 202. The interstitial layer 528 may have a top surface 530 and a
bottom surface 532. The top surface 530 of the interstitial layer 528 is below and
spaced apart from the inner surface 506 of the glazing layer 502 and the bottom
surface 532 of the interstitial layer 528 is above and spaced apart from the top surface

510 of the porous light absorbing material layer 508.

[0058] In examples where the solar thermal unit 500 includes an interstitial
layer 528, the transition 520 may include a turn in the first fluid path, around an end
542 of the interstitial layer 528. As illustrated in Figure 5, the glazing layer 502 has a
length and the interstitial layer 528 has a length that is less than the length of the
glazing layer 502. The shorter length of the interstitial layer 528 creates a first gap
544 between the end 542 of the interstitial layer 528 and the side wall 538 of the
insulation layer 534. The turn of the transition 520 may redirect the heat absorbing
fluid 516 over an angle that may be up to about 180°, including being between about
90° and about 180°. The interstitial layer 528 may have a width that is equal to the
width of the glazing layer 502. In such an example, the first portion 518 of the fluid
path extends from the inlet 520 along the inner surface 504 of the glazing layer 502
between the inner surface 504 of the glazing layer 502 and the top surface 530 of the
interstitial layer 528, and the second portion 522 of the fluid path extends between the
bottom surface 532 of the interstitial layer 528 and the top surface 510 of the porous
light absorbing material layer 508. The second portion 522 of the fluid path may be
in contact with the bottom surface 532 of the interstitial layer 528, and may thereby

collect heat from the first interstitial layer 528.

[0059] In examples where the solar thermal unit 500 includes a first interstitial
layer 528, the heat absorbing fluid may also extract heat from the interstitial layer 528
as it flows along the fluid flow path. For example, as the heat absorbing fluid 516
travels along the first portion 518 of the fluid flow path, the heat absorbing fluid 516
may collect heat from along the inner surface 506 of the first glazing layer 502 and
from the top surface 530 of the first interstitial layer 528. Also, as it travels along the
second portion 522 of the of the fluid flow path, the heat absorbing fluid 516 may
collect heat from along the bottom surface 532 of the first interstitial layer 528 and
along the top surface 510 of the porous light absorbing material layer 508. As
discussed above, the temperature gradient of the heat absorbing fluid 516 may

increase as the heat absorbing fluid flows along the first fluid flow path from the inlet
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520 to the outlet 522, and the temperature of the heat absorbing fluid at the outlet 522
may be greater than the temperature of the heat absorbing fluid 516 at the inlet 520.

[0060] Additional alternative examples of solar thermal units 600 and 700 of

the present technology are shown in Figures 6 and 7, respectively.

[0061] As shown in Figure 6, solar thermal unit 600 has two fluid flow paths
similar to those illustrated and discussed above with respect to figures 1-4. Instead of
having a second glazing layer, however, solar thermal unit 600 has only a first glazing
layer 602, which has a length L and extends across the top of both fluid flow paths.
As shown, solar thermal unit 600 has a first glazing layer having an outer surface 604
and an inner surface 606. The outer surface 604 of the first glazing layer 602 may be
exposed to ambient air. Solar thermal unit 600 also has a first porous light absorbing
material layer 608 below and spaced apart from the first glazing layer 602 on a first
side of the solar thermal unit 600. The first porous light absorbing material layer 608
has a top surface 610, a thickness 612, and a bottom surface 614. Solar thermal unit
600 also has a second porous light absorbing material layer 616 below and spaced
apart from the first glazing layer 602 on a second side of the solar thermal unit 600,
opposite the first side of the solar thermal unit 600. The second porous light
absorbing material layer 616 has a top surface 618, a thickness 620, and a bottom
surface 622. Solar thermal unit 600 further has a first interstitial layer 638 and a

second interstitial layer 640.

[0062] Heat absorbing fluid 624 enters the solar thermal unit 600 through an
inlet 626 in the plenum 628, which separates the first porous light absorbing material
layer 608 from the second porous light absorbing material layer 616. A first portion,
which may be half, of the heat absorbing fluid 624 flows along the first fluid flow
path 630 from inlet 626 along the inner surface 606 of the first glazing layer and then
through the thickness of the first porous light absorbing material layer 608 to the
outlet 634. A second portion, which may also be half, of the heat absorbing fluid 624
flows along the second fluid flow path 632 from the inlet 626 along the inner surface
606 of the first glazing layer and then through the thickness of the second porous light
absorbing material layer 616 to the outlet 634.

[0063] The flow of the heat absorbing fluid 624 through solar thermal unit 600

is the same as, or substantially the same as, the flow along the fluid paths of solar
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thermal unit 100, described above. However, in solar thermal unit 600, the plenum
cover 636 is below and spaced apart from the first glazing layer 602, which may be
even with the first and second interstitial layers 638 and 640. As shown, the plenum
cover 636 may include one or more photovoltaic cells. The inlet 626 may be
configured to evenly divide and direct inflowing heat absorbing fluid 624 between the
first fluid path and the second fluid path. The inlet 626 may be further configured to
cause the heat absorbing fluid to enter the plenum below the plenum cover 636, and
then flow over the plenum cover 636 as it is divided along each flow path. Such a
configuration may allow the heat absorbing fluid 624 to collect heat from the beneath
and above the plenum cover 636, and any of the one or more PV panels that are part

of the plenum cover 636.

[0064] As shown in Figure 7, solar thermal unit 700 is similar in structure and
flow to solar thermal unit 600. Solar thermal unit 700 has a first glazing layer 702
having a length L and extends across the top of both fluid flow paths. In this
example, a first end of each of the first interstitial layer 704 and the second interstitial
layer 706 may act as the plenum cover. Moreover, each of the first interstitial layer
704 and the second interstitial layer 706 may include one or more PV panels. In this
example, the area of PV panel that can be included is greater than the area of PV
panel in the other illustrated examples. The heat absorbing fluid 708 can enter the
solar thermal unit 700 through inlet 710, below the portion of each of the first and
second interstitial layers 704 and 706 acting as the plenum cover. The heat absorbing
fluid may then divide and flow along each of the fluid flow paths, gathering heat from
the top of the PV panels of the first interstitial layer 704 and the second interstitial
layer 706, and then from the bottom of the PV panels of the first interstitial layer 704
and the second interstitial layer 706, before flowing through the first and second
porous light absorbing material layers 712 and 714 to the outlet 716. In solar thermal
unit 700, it may be advantageous for the thickness of the first and second interstitial
layers 704 and 706 acting as the plenum cover to be reduced as much as practical, and
for the thickness of the first and second porous light absorbing material layers 712 and

714 to be increased.

[0065] Figures 12-13 illustrate a fifth example of a solar thermal unit 1000 of
the present technology. The solar thermal unit 1000 has a split-flow design having
two fluid flow paths, a first fluid flow path on the right and a second fluid flow path
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on the left. It should be understood that the second fluid flow path may have the same
set of components as the first fluid flow path, and may be a mirror image of the first
fluid flow path. The flow paths of this design are altered as compared to the flow
paths of solar thermal unit 100, with the heat absorbing fluid flowing first to the outer
edges of the unit and then flowing along the bottom surface of the first glazing layer

towards the center of the unit.

[0066] A shown, solar thermal unit 1000 includes a first glazing layer 1002
that extends across both the first fluid flow path 2000 and the second fluid flow path
2002. The first glazing layer 1002 has an outer surface 1004 and an inner surface
1006. The outer surface 1004 of the first glazing layer 1002 may be exposed to

ambient air.

[0067] The first fluid flow path 2000 of the solar thermal unit 1000 has a first
porous light absorbing material layer 1008, which is below and spaced apart from the
first glazing layer 1002. The first porous light absorbing material layer 1008 has a top
surface 1010, a thickness 1012, and a bottom surface 1014.

[0068] The first fluid flow path 2000 of the solar thermal unit 1000 also has a
first interstitial layer 1016 between the first glazing layer 1002 and the first porous
light absorbing material layer 1008, the first interstitial layer 1016 has a top surface
1018 and a bottom surface 1020. The top surface 1018 of the first interstitial layer
1016 is below and spaced apart from the inner surface 1006 of the first glazing layer
1002, and the bottom surface 1020 of the first interstitial layer 1016 is above and
spaced apart from the top surface 1010 of the first porous light absorbing material
layer 1008. The first interstitial layer may include a PV panel 1022 and a second
glazing layer 2024.

[0069] The second fluid flow path 2002 of the solar thermal unit 1000 has a
second porous light absorbing material layer 1044, which is below and spaced apart
from the first glazing layer 1002. The second porous light absorbing material layer
1044 has a top surface 1046, a thickness 1048, and a bottom surface 1050.

[0070] The second fluid flow path 2002 of the solar thermal unit 1000 also has
a second interstitial layer 1052 between the first glazing layer 1002 and the second
porous light absorbing material layer 1044, the second interstitial layer 1052 has a top
surface 1054 and a bottom surface 1056. The top surface 1054 of the second
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interstitial layer 1052 is below and spaced apart from the inner surface 1006 of the
first glazing layer 1002, and the bottom surface 1056 of the second interstitial layer
1052 is above and spaced apart from the top surface 1046 of the second porous light
absorbing material layer 1044. The second interstitial layer may include a PV panel
1058 and a third glazing layer 1060. Additionally, the first interstitial layer 1016 and
the second interstitial layer 1052 may be spaced apart to provide a first transition 1062
through which the heat absorbing fluid of the first and second flow paths can pass.

[0071] The solar thermal unit 1000 also includes an inlet plenum 1026, which
has an inner surface 1028. The inlet plenum has an inlet 1030, through which the heat
absorbing fluid 1034 enters the solar thermal unit 1000, and an outlet 1032, through
which the heat absorbing fluid 1034 exits the solar thermal unit 1000. The solar
thermal unit, including the inlet 1030, may be configured to divide the heat absorbing
fluid evenly, so that a first half of the heat absorbing fluid flows along the first fluid
flow path 2000 and a second half of the heat absorbing fluid flows along the second
fluid flow path 2002. Balancing the flow by providing even distribution between the
flow paths can reduce or eliminate hot spots that can occur on the first glazing layer,

which can reduce heat loss through the first glazing layer and improve efficiency.

[0072] The solar thermal unit 1000 further includes an insulation layer 1036
between the inlet plenum 1026 and the first porous light absorbing material layer

1008. The insulation layer has a top surface 1038 and a bottom surface 1040.

[0073] The solar thermal unit 1000 may include a protective housing 1042,
which may surrounds and encloses at least a portion of the fluid flow paths and the

components forming the fluid flow paths, including the inlet plenum 1026.

[0074] The heat absorbing fluid 1034 enters the solar thermal unit 1000
through the inlet 1030, and is divided to flow along the first fluid flow path and the
second fluid flow path.

[0075] As shown in Figure 13, the first fluid flow path 2000 flows from the
inlet 1030, to the right, between the inner surface 1028 of the inlet plenum 1026 and
the bottom surface 1040 of the insulation layer 1036. Next, the first fluid flow path
2000 flows along the inner surface 1006 of the first glazing layer 1002. The heat
absorbing fluid absorbs heat from along the inner surface 1006 of the first glazing

layer 1002, as well as from along the top surface 1018 of the first interstitial layer
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1016, including any PV panel that is a component thereof. Accordingly, the
temperature of the heat absorbing fluid after flowing along the inner surface 1006 of
the first glazing layer 1002 is greater than the temperature of the heat absorbing fluid
at the inlet 1030.

[0076] Next, the first fluid flow path 2000 flows through a first transition
1062, which is shown as being the space between the spaced apart first interstitial
layer 1016 and the second interstitial layer 1052. At and within the first transition
1062, heat absorbing fluid of the first flow path may intermingle with heat absorbing
fluid of the second flow path, before the flow splits to continue along the two fluid
flow paths. The first transition 1062 may be configured to join the first and second
flow paths, and then split the first and second flow paths so that the heat absorbing
fluid is divided evenly between the two fluid flow paths.

[0077] Next, the first fluid flow path 2000 flows along the bottom surface of
the first interstitial layer and the top surface of the first porous light absorbing
material layer 1008, and the and then through the thickness 1012 of the first porous
light absorbing material layer 1008 to the outlet 1032. The heat absorbing fluid 1034
flowing along the first fluid flow path 2000 absorbs heat from along the bottom
surface of the first interstitial layer, including any PV panel that is a component
thereof, and the top surface of the first porous light absorbing material layer 1008.
The heat absorbing fluid flowing along the first fluid flow path 2000 also absorbs heat
from within the thickness of the first porous light absorbing material layer 1008.
Accordingly, the temperature of the heat absorbing fluid after flowing through the
first porous light absorbing material layer 1008 may be greater than the temperature

of the heat absorbing fluid 1034 at the inlet 1030.

[0078] The second fluid flow path 2002 flows from the inlet 1030, to the left,
between the inner surface 1028 of the inlet plenum 1026 and the bottom surface 1040
of the insulation layer 1036. Next, the second fluid flow path 2002 flows along the
inner surface 1006 of the first glazing layer 1002. The heat absorbing fluid absorbs
heat from along the inner surface 1006 of the first glazing layer 1002, as well as from
along the top surface 1054 of the second interstitial layer 1052. Accordingly, the
temperature of the heat absorbing fluid after flowing along the inner surface 1006 of

the first glazing layer 1002 is greater than the temperature of the heat absorbing fluid
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at the inlet 1030.

[0079] Next, the second fluid flow path 2002 flows through the first transition
1062, between the spaced apart first interstitial layer 1016 and the second interstitial
layer 1052. At and within the first transition 1062, heat absorbing fluid of the second
flow path may intermingle with heat absorbing fluid of the first flow path, before the
flow splits to continue along the two fluid flow paths.

[0080] Next, the second fluid flow path 2002 flows along the bottom surface
1056 of the second interstitial layer 1052 and the top surface 1046 of the second
porous light absorbing material layer 1044, and the and then through the thickness
1048 of the first porous light absorbing material layer 1044 to the outlet 1032. The
heat absorbing fluid 1034 flowing along the second fluid flow path 2002 absorbs heat
from along the bottom surface 1056 of the second interstitial layer 1052 and the top
surface 1046 of the first porous light absorbing material layer 1044. The heat
absorbing fluid flowing along the second fluid flow path 2002 also absorbs heat from
within the thickness 1048 of the second porous light absorbing material layer 1044,
Accordingly, the temperature of the heat absorbing fluid after flowing through the
second porous light absorbing material layer 1044 may be greater than the

temperature of the heat absorbing fluid 1034 at the inlet 1030.

[0081] As discussed above, the temperature gradient of the heat absorbing
fluid 1034 may increase as the heat absorbing fluid flows along either the first fluid
flow path 2000 or the second fluid flow path, from the inlet 1030 to the outlet 1032,
and the temperature of the heat absorbing fluid at the outlet 1032 may be greater than
the temperature of the heat absorbing fluid 1034 at the inlet 1030.

Materials

[0082] The specific examples of solar thermal units described with respect to
Figures 1-5 above use air, specifically ambient air, as the heat absorbing fluid.
Ambient air normally contains a mixture of gaseous components, including oxygen
and nitrogen. In alternative examples, other heat absorbing fluids could be used,
which may be in either gaseous or liquid form. Some non-limiting examples of other
heat absorbing fluids include water, helium, argon, water, steam, and mixtures of

these components with each other or with other components.
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[0083] Glazing layers for use in solar thermal units of the present technology
are transparent layers configured to allow sunlight to penetrate into the solar thermal
unit through the glazing layer and into the porous light absorbing layer. A glazing
layer may be made of any suitable material, including for example: glass, acrylic,
FEP, a polymer, a polycrystalline material, derivatives of any of the foregoing, or
combinations of any of the foregoing. When glass is used, the glass may be soda
lime, iron free or low iron glass. The infrared (IR) opacity of the glazing layer is not
as critical in solar thermal units of the present technology, where the air, or other heat
absorbing fluid, flows through the solar thermal unit, as compared to typical solar
thermal units having stagnant air. Glazing layers may also be surface treated or

coated to promote transmission and/or reduce radiative losses through the glazing.

[0084] Porous heat absorbing layers for use in solar thermal units of the
present technology may be made of any suitable material that absorbs heat and
configured for flow-through of the heat absorbing fluid, including for example:
metals, mineral wool, and thermally stable polymers. In some examples, the porous
heat absorbing layer may be made of a black material, or have a black coating or
selective film applied to the top surface thereof. A porous heat absorbing layer of the
present technology may include a plurality of sub-layers, where each sub-layer
captures a percentage of the heat absorbed by the overall porous heat absorbing layer.
The view factor of each sub-layer of the porous heat absorbing layer directly affects
the percentage of the heat captured by each layer through the thickness from the top
surface to the bottom surface. It may be desirable to configure the porous heat
absorbing layer to have an optimized thermal mass, which may be a small as
practicable, in order to reduce the time period needed for the porous heat absorbing
layer to reach a desired temperature. It may also be desirable for the porous heat
absorbing layer to be configured such that it has a non-linear temperature profile, such
as illustrated in Figure 8, where the temperature at any given time during operation of
the solar thermal unit is a lower at the top surface, and in the initial layers, and

increases in the lower layers to a maximum near or at the bottom surface.

[0085] Insulation layers for use in solar thermal units of the present
technology may be made of any suitable material that functions to reduce the loss of

radiated heat from the solar thermal unit.
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[0086] Housing for use in solar thermal units of the present technology may

be made of any suitable material, including for example galvanized steel.
Heat Transfer and Absorption

[0087] A computational simulation tool was developed to solve the complete
system of equations describing heat transfer in the solar thermal unit. The equations
are solved simultaneously for each component in the system in an iterative fashion
until the solution has converged. A component can be a section of material in the

solar unit, or a section of the carrier fluid.

[0088] Generally, heat transfer for the solar insolation is equal to the
absorptivity of any given component times the incident solar insolation. Heat transfer
communication with the component may be with another component, the carrier fluid,
or ambient surfaces and/or sky. During operation of solar thermal units of the present
technology, such as solar thermal unit 100, heat may transfer to the heat absorbing
fluid in four stages: (1) forced internal convection from the glazing layer and any
interstitial layer in the first portion of the fluid path 118, 160, 518, (2) forced internal
convection from the interstitial layer and the top surface of the porous heat absorbing
layer in the second portion on the fluid path 140, 164, 522, (3) porous flow convection
from the porous heat absorbing layer in the third portion on the fluid path 142, 166,
524, and (4) forced internal convection from the bottom surface of the porous heat
absorbing layer and the insulation in the fourth portion on the fluid path 144, 168,
526.

[0089] In the first, second, and fourth portions of the fluid path, heat transfer
to the heat absorbing fluid under forced convection may be governed by the equation
for forced convection between two flat plates:
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Equation 1:

where Q is the transferred power (W). Nu is the non-dimensional Nusselt number (~8
for parallel plates). The value of & is the thermal conductivity of the heat absorbing
fluid (W/(mK)). A is the area of each plate (m?) through which the flow travels, such
as the first glazing layer 102 and the first interstitial layer 126, the second glazing
layer 146 and the second interstitial layer 170, the glazing layer 502 and the
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interstitial layer 528, or the bottom surface of the porous heat absorbing layers and the
bottom of the insulation layer. 7% is the temperature of the heat absorbing fluid (C).
Ty, is the temperature of the material. The denominator th is the thickness between

the two plates.

[0090] In the third portion on the fluid path 142, 166, 524, heat transfer to the
heat absorbing fluid may be governed by:
Equation 2:
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where Nup,rous 1 on the order of ~100 for porous materials and Agy is the effective
surface area of the material (typically a factor of several hundred times the volume of

the material), and th is the thickness of the absorber.

[0091] Heat transfer between individual solar thermal components can occur

by either convection or radiation. Radiation may be governed by:

Equation 3:
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where Qrad is the radiated power, T; and T, are the temperatures of the two
communicating surfaces, ¢ is the Stefan-Boltzmann constant, and €1 and €2 are the
emissitivities of the two surfaces. The equation can include a View Factor multiplier
to account for a porous material transmitting some radiation through the pores, and
thus a component might “see through™ that component to pick up additional radiation

from another component.
[0092] Heat from the solar flux in each component may be governed by:
Equation 4: Qpx=0*F*A

where o is the absorptivity of the material and F is the solar flux incident on that
material (W/m2, taking into account that inner components see a flux equal to the

total flux times the transmissivity of the components above).

[0093] In determining how the system functions, radiative and convective heat
loss of a solar thermal unit of the present technology may also be taken into account.
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Radiative heat transfer to ambient may use the same equation as radiative transfer

between components. Convective heat transfer may be governed by:

Equation 5:
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where Qamb.cony. 1S the convective heat loss, Windyeiocity 1S the velocity of the wind in
the immediate vicinity of the solar thermal unit, Tgyace 1S the temperature of the
relevant surface of the solar thermal unit, and Tampien 1S the ambient temperature in the

immediate vicinity of the solar thermal unit.

[0094] The iterative solution begins by assuming that each component begins
at a temperature equal to the ambient temperature. The temperature is then advanced

in time as follows:

Equation 6:
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where T is the temperature of the component, t is the time, m is the mass of the
component, C, is the specific heat of the components, and Qcomponent 1S the heat
transfer for each individual component. The time step is selected such the change in
T is small compared to the magnitude of T. Tgyq is then replaced with Ty, and the
temperature is advanced another step forward in time. This process is repeated until
the change in temperature for each step falls below a specified “stop” criteria, at
which point the system of equations is considered to have converged and the final set

of temperatures is the solution.

[0095] Efficiency of the system may be defined as the thermal energy
transferred to the carrier fluid divided by the total solar insolation on the system as

follows:

Equation 7:
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where m is the mass flow rate of the carrier fluid. The remaining energy that is
absorbed from the solar flux but not transmitted to the carrier fluid is communicated
back to the environment by radiative and convective heat transfer from an external

surface (typically the top pane of glass and the outside of the insulation) to ambient.
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[0096] The above system of equations describes the heat transfer in nearly any
solar thermal unit design. The examples described herein may produce higher
efficiencies than traditional solar thermal units (such as a flat plate unit) for two
reasons. One is that the convective heat transfer between the porous material and the
carrier fluid may be significantly faster than that in a flat plate collection. The second
is that the flow path in the porous design may be routed in such a way as to carry heat
away from the top pane of glass (where most losses to ambient occur) and to ensure
that the hotter components in the solar thermal are in more internal locations where

the heat escapes back to ambient more slowly.
Fluid Flow and Pressure Drop

[0097] The efficiency and power usage of a solar thermal unit of the present
technology may be affected by the flow of the heat absorbing fluid through each fluid

path and the pressure drop across any fluid path within the unit.

[0098] Minimizing the pressure drop may reduce the amount of power
required to pump the heat absorbing fluid through the system at a desired flow rate.
Using a split-flow design, such as the example illustrated in Figures 1-4 may balance
the pressure drop across the unit, and cut the pressure drop in half as compared to

solar thermal units having only a single fluid path.

[0099] Uniformity of the air flow may be controlled by careful tolerance of
the space between components of the thermal solar unit to control the pressure drop.
There are three equations that may govern the flow along the fluid paths described

herein. Design of the system may be governed by the following equations:

Couette Flow (steady flow between parallel plates), for setting the distance between

the glazing:
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A modified Couette Flow (accounting for flow exiting or entering the porous heat
absorbing layer) for the distances above and below the porous heat absorbing layer,
porous heat absorbing layer to glazing or interstitial layer, and porous heat absorbing

layer to bottom of insulation layer, respectively.
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Darcy Flow through the porous heat absorbing layer, to determine the desired

thickness of the porous heat absorbing layer.

Qut
P
ki
[00100] Netwons second law for fluid momentum may be used to determine

the pressure drop required to turn flow 90 degrees at the inlet, outlet, and the

transition (must be doubled because the flow turn 180 degrees) along a given fluid

path.
o 1 2
AF = Ep;
[00101] In these equations, AP is the pressure drop (Pa), u is the viscosity of

the fluid (Pa*s), L is the length of the section (m), Q is the flow rate (m3/s), h is the
gap thickness (m, initial and final if it varies), w is the width of the section (m), t is
the thickness of the porous region (m), k is the diffusivity of the porous heat
absorbing layer (m2/s), p is the density of the fluid (kg/m”"3), v is the velocity of the
fluid (m/s) and A is the area through which the fluid is passing.

[00102] The area of the transition must be at least as large of an area as the
cross sectional area between the glazing and the interstitial layer in order to prevent

large pressure drops at the transition.

Example 1

[00103] A solar thermal unit of the present technology having the flow
described above with respect to solar thermal unit 100 and an insulated plenum cover

was made using the following materials and parameters.

[00104] The system comprised of a split-flow design where the each of the
glazing and interstitial layers were made of iron free glass. The insulation was
constructed of polyisocyanurate insulation (R-Value 6). The housing was 0.6mm
thick galvanized steel. Each of the porous heat absorbing layers was made with 17
thick mineral wool painted black to minimize reflective losses. The plenum cover was
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polyisocyanurate insulation. Total absorbing area was approximately two square
meters. The spacing between the glazing and the interstitial layer for each flow path
was set at 1/8™ inch. Each interstitial layer had dimensions of 36.5” long and 47.5”
wide, while each glazing layer was 38.5” ling and 47.5” wide. The glazing layers
were each supported by approximately 0.5 on each side, and the gap of each
transition was about 1.0”. The distance between each interstitial layer and each porous
heat absorbing layer, and also between each porous heat absorbing layer and the
bottom of the insulation, was about 1.25”. The solar thermal unit was calibrated by
providing forced air with a blower through a meter at known volumetric flow rates.
The resulting pressure across the panes of glass was measured. This pressure was then

matched with flow provided from a DC fan.

[00105] The solar thermal unit was tested over a period of about 5 hours on a
day that started out sunny and became cloudy for the last hour. The flow rate,
measured in cubic feet per minute (CFM), was varied on an hourly basis.
Specifically, the flow rate during the first hour was set to 40 CFMand the flow rate
during the second hour was set to 50 CFM The ambient temperature, which was also
the temperature at the inlet, was measured each hour. The results are illustrated in
Figure 9. The efficiency of the system was determined based on the insolation over

time, and is set forth in Table 1 below.

Table 1
Flow (CFM) Tin = Tamp (°C) Efficiency
40 17.5 45%
50 18.6 49%
Example 2
[00106] A solar thermal unit of the present technology having a PV panel

incorporated into the plenum cover was made using the following materials and

parameters.

[00107] The system comprised of a split flow design where each of the glazing
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and interstitial layers was made of iron free glass. The insulation was constructed of
polyisocyanurate insulation (R-Value 6). The housing was 0.6mm thick galvanized
steel. Each of the porous heat absorbing layers was made with 17 thick mineral wool
painted black to minimize reflective losses. The plenum cover included a PV panel.
Dimensions of the PV panel were 46.5” wide and 17.4” long. The spacing between
each glazing layer and each interstitial layer was set at 1/8" inch. Each interstitial
layer had dimensions of 36.5” long and 47.5” wide, while each glazing layer was
38.5” ling and 47.5” wide. The glazing layers were each supported by approximately
0.5” on each side, and the gap of each transition was about 1.0”. Total absorbing area
(not including the area of the PV panel) was approximately two square meters. The
distance between each interstitial layer and each porous heat absorbing layer, and also
between each porous heat absorbing layer and the bottom of the insulation, was about
1.25”. The solar thermal unit was calibrated by providing forced air with a blower
through a meter at known volumetric flow rates. The resulting pressure across the
panes of glass was measured. This pressure was then matched with flow provided

from a DC fan.

[00108] The solar thermal unit was mounted on a scissor-jack system, which
allowed the orientation of the solar thermal unit to be altered by rotation through a
range of angles, from 0° to 45°. The ability to adjust the angle at which the solar
thermal unit is advantageous, such as when using the solar thermal unit during
different times of the year or in geographic areas of different latitude, allowing the

solar thermal unit to be oriented as directly towards the sun as possible.
Example 3

[00109] Figure 14 and Table 2 below provide the results of efficiency
determinations for a solar thermal units of the present technology having the design of
solar thermal unit 100 (Design 1) versus the reverse flow design of solar thermal unit
1000 (Design 2). In Figure 14, the graph on the left shows the efficiency at a flow
rate of 40 ¢fm. The graph on the right shows the efficiency at a flow rate of 50 cfm.
The x-axis for each graph is the temperature at the inlet, expressed in the number of

degrees above ambient.

[00110] Efficiency was calculated using this equation:
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where thermal power is calculated using the numerator of the equation from
paragraph 89 and electrical power produced by the PV panel is calculated using the

following equation:

Electrical Pawer = Folts » dmps

Additionally, the insolation was measured directly from a pyranometer placed on the
panel during testing and the panel area is equal to 2.92 m’.

[00111] As can be seen in Figure 14 and Table 2, the efficiency for each of the
designs at either flow rate is the highest when the temperature at the inlet equals the
ambient temperature (O on the x-axis). As can also be seen, the reverse flow design

provided higher efficiency at both flow rates across the tested temperature range.

Table 2: Design Efficiency at Various Operating Conditions

Design Flow (CFM) Tinlet - Tambient Efficiency
(deg. ©O)

1 40 0 45%

1 40 15 36%

1 50 0 49%

1 50 15 41%

2 40 0 49%

2 40 15 42%

2 50 0 52%

2 50 15 43%
Applications
[00112] Solar thermal units of the present technology may be used in a number

of applications, including residential, commercial, and industrial applications. For
example, solar thermal units of the present technology may be used for residential
heating of air and/or water, and may be mounted on the roof of a residential building
or on the ground near a residential building. As another example, solar thermal units
of the present technology may be used in any commercial or industrial application
where heating of air or any other heat absorbing fluid is desired. In at least one

example, a solar thermal unit of the present technology may be used as the thermal
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unit in a system for generating liquid water from air, such as the system described in
U.S. Provisional Patent Application Serial No. 62/145995, filed on April 10, 2015,

which is incorporated herein by reference in its entirety.

[00113] One example where a solar thermal unit of the present technology may
be used as the thermal unit in a system for generating liquid water from air is
illustrated in Figure 10. The system 800 of Figure 10 may be configured to function
responsive to diurnal variations. For example, as described in more detail below,
system 800 may be configured to control one or more operational parameters (e.g.,
control and/or controlled variables) based on one or more diurnal variations (e.g.,
variations in ambient air temperature, ambient air relative humidity, solar insolation,

and/or the like).

[00114] System 800 may comprise a desiccant unit 802. Desiccant unit 802
may comprise a desiccant (e.g., sorption medium) 804, where the desiccant unit 802
(e.g., or a portion thereof) may be selectively (e.g., and/or alternatively) movable
between an adsorption zone 806, in which the desiccant is in fluid communication
with a process air pathway (e.g., a process airflow path) 810 and a desorption zone
808, in which the desiccant is in fluid communication with a (e.g., closed-loop)
regeneration fluid pathway (e.g., a regeneration fluid path) 812. In some
embodiments, the adsorption and desorption zones may be defined by a housing (e.g.,

814) of the desiccant unit 802.

[00115] Desiccant unit 802 may operate in a continuous, or non-batch, fashion,
such that desiccant unit 802 is configured to absorb water and desorb water
substantially simultaneously or simultaneously. For example, system 800 may be
configured such that a first portion of desiccant unit 804 can be disposed within
adsorption zone 806 (e.g., such that the first portion can capture water from process
air in process air pathway 810), with a second portion of the desiccant simultaneously
disposed within the desorption zone (e.g., such that the second portion can desorb
water into regeneration fluid in regeneration fluid pathway 812). Regeneration fluids
suitable for use in some embodiments of the present systems may include, but are not
limited to, air (e.g., including any suitable amount of water vapor), super-saturated or
high relative humidity gas (e.g., 90-100% relative humidity), glycols, ionic liquids,
and/or the like.
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[00116] Desiccant unit 802 may comprise a hygroscopic material (e.g.,
desiccant or sorption medium 804) configured to continuously alternate between a
process air pathway 810 and a regeneration fluid pathway 812. In some embodiments,
that the desiccant or sorption medium may be capable of quickly desorbing water
back into low relative humidity air (e.g., to regenerate the desiccant). Therefore, in
some embodiments, the performance of the desiccant or sorption medium may be
driven by an ability to quickly cycle through an absorption state and a desorption

state.

[00117] Desiccant 804 may comprise any suitable medium in any suitable
configuration (e.g., such that the desiccant or sorption medium is capable of
adsorption and desorption of water). In some embodiments, the desiccant or sorption
medium may be capable of sorption at a first temperature and/or pressure and
desorption at a second temperature and/or pressure. Suitable desiccants or sorption
mediums may comprise liquids, solids, and/or combinations thereof. In some
embodiments, desiccants or sorption mediums may comprise any suitable porous
solid impregnated with hygroscopic materials. For example, desiccant unit 804 may
comprise silica, silica gel, alumina, alumina gel, montmorillonite clay, zeolites,
molecular sieves, activated carbon, metal oxides, lithium salts, calcium salts,
potassium salts, sodium salts, magnesium salts, phosphoric salts, organic salts, metal
salts, glycerin, glycols, hydrophilic polymers, polyols, polypropylene fibers, cellulosic
fibers, derivatives thereof, and combinations of thereof. In some embodiments, the
desiccant or sorption medium may be selected and/or configured to avoid sorption of
certain molecules (e.g., molecules that may be poisonous when consumed by a

human).

[00118] In some embodiments, desiccant particles may be packed in a shallow
bed to maximize a surface area for interaction with air or fluid within adsorption zone
806 and desorption zone 808. In some embodiments, the desiccant particles may be
agglomerated via a binder. In some embodiments, the desiccant particles may be dyed
black (e.g., to improve absorption of thermal radiation). In some embodiments, the
desiccant particles may be mixed and/or combined with thermal radiation absorbing

materials.

[00119] System 800 may include one or more blowers 816 and/or one or more
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circulators 818. For example, in this embodiment, blower 816 is disposed in process
air pathway 810 and is configured to adjust a flow rate of air through the process air
pathway. Circulator 818, in this embodiment, is disposed in regeneration fluid
pathway 812 and is configured to adjust a flow rate of fluid through the regeneration
fluid pathway. In some embodiments, blower 816 and/or circulator 818 may be
controlled by controller 820 (e.g., controlling a speed of blower 8§16 and/or circulator
818 to optimize liquid water production). In some embodiments, blower 816 and/or
circulator 818 may be configured to substantially maintain a pre-determined flow rate

through process air pathway 810 and/or regeneration fluid pathway 812, respectively.

[00120] System 800 may comprise a thermal unit 822, configured to provide
thermal energy to fluid in regeneration fluid pathway 812 (e.g., such that desiccant
unit 804 may be regenerated). Thermal unit 822 may be a solar thermal unit of the
present technology, where the heat absorbing fluid 116, 516 (as shown in Figures 3
and 5) from the outlet 122, 522 (as shown in Figures 1 and 5) travels along the
regeneration fluid pathway 812 from the thermal unit 822 to the desiccant unit 804.

[00121] System 800 may comprise a condenser 824 configured to receive fluid
from the desorption zone via the regeneration fluid pathway and produce liquid water
from the received fluid (e.g., by condensing water vapor in fluid in the regeneration
fluid pathway). Condensers 824 may comprise any suitable material and may be of
any suitable configuration (e.g., to condense water vapor in regeneration fluid into
liquid water). For example, suitable condensers may comprise polymers, metals,
and/or the like. Condensers may be arranged to include coils, fins, plates, tortuous
passages, and/or the like. Condenser 80 may be configured to transfer thermal energy
from fluid in regeneration fluid pathway 812 downstream of desiccant unit 804 to air
in process air pathway 810 upstream of desiccant unit 804 (e.g., such that air in
process air pathway 810 may facilitate cooling of condenser 824). In some

embodiments, condenser 824 may be cooled by ambient air.

[00122] System 800 may comprise a water collection unit 826 configured to
receive liquid water produced by condenser 824. Liquid water produced by the
condenser may be provided to water collection unit 826 by way of gravity; however,
in other embodiments, flow of liquid water from the condenser to the water collection

unit may be assisted (e.g., by one or more pumps, any other suitable delivery
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mechanism, and/or the like).

[00123] System 800 may comprise a filter 828 (e.g., a filtration membrane),
which may be positioned between condenser 824 and water collection unit 826 (e.g.,
to reduce an amount of impurities, such as, for example, sand, bacteria, fibrous,
carbonaceous species, and/or the like, which may be present in liquid water produced

by condenser 824).

[00124] Water collection unit 826 (e.g., or filter 828 thereof) may comprise an
ultraviolet (UV) light source (e.g., for disinfection of water produced by condenser
826). In some embodiments, suitable light sources may comprise light emitting diodes
(LEDs) having, for example: wavelengths below 400 nanometers (nm) (e.g., 385 nm,

365 nm, and/or the like), wavelengths below 300 nm (e.g., 265 nm), and/or the like.

[00125] Water collection unit 826 may comprise one or more water level
sensors (e.g., 902 of Figure 11). Such water level sensors may comprise conductance
sensors (e.g., open and/or closed circuit resistance-type conductance sensors), which
may operate via conductivity measurement of water in the range of 0.1 msiemens per

cm.

[00126] Water collection unit 826 may comprise a receptacle 830 configured to
receive one or more additives for introduction to the produced liquid water. Such
additives may be configured to dissolve slowly into liquid water stored in the water
collection unit. Additives may include, but are not limited to, minerals, salts, other
compounds, and/or the like. In some embodiments, additives may impart flavor to the
produced liquid water. For example, additives may include potassium salts,
magnesium salts, calcium salts, fluoride salts, carbonate salts, iron salts, chloride

salts, silica, limestone, and/or combinations thereof.

[00127] System 800 may comprise indicators (e.g., lights, such as, for example,
LEDs), which may be configured to provide information regarding system operation.
For example, in some embodiments, indicator lights may be configured to provide
information (e.g., visually, for example, to a user) that the system is running, that
solar power (e.g., from power unit 904) is available, that an air filter (e.g., within
process air pathway 810) may need to be changed, that a water collection unit (e.g.,
826) is full (e.g., in some embodiments, that the water collection unit contains 20 L of

liquid water), that an actuator (e.g., actuator 906, blower 816, circulator 818, and/or
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the like) has failed and/or is failing, that telematics errors (e.g., as indicated by
transceiver 908 operation) have and/or are occurring, and/or the like. As described
below, any suitable information (including the information described above with
reference to indicators) may be transmitted over a communications network (e.g.,

alone and/or in addition to operation of any indicators).

[00128] A controller (e.g., processor) 820 may control exposure of desiccant
unit 804 (or a portion thereof) to air in process air pathway 810 and regeneration fluid
in regeneration fluid pathway 812 (e.g., to increase and/or optimize the liquid water
ultimately produced by condenser 824), and such control may vary over a diurnal
cycle (e.g., in response to diumal variations). Such variations in environmental
conditions (e.g., inputs into controller 820) may include, for example, ambient air
temperature, ambient air relative humidity, and solar insolation. Other inputs to
controller 820 may include, for example, an amount of thermal energy generated by
thermal unit 822, a relative humidity of air in process air pathway 810, a relative
humidity of fluid in regeneration fluid pathway 812, a temperature of fluid in the
regeneration fluid pathway between desiccant unit 804 and thermal unit 822, a rate of
water production, and/or the like. In embodiments that include a purge airflow path,
inputs to controller 820 may include a flow rate, temperature, relative humidity and/or
the like of air in the purge airflow path. Controller 820 may be configured to optimize
liquid water production by controlling a rate of desiccant unit 804 movement between
the adsorption zone and the desorption zone, controlling a speed of blower 816 and/or
circulator 818, and/or the like, based, on measurements of one or more of such inputs
(e.g., such that controller 820 may optimize liquid water production based on current
environmental and system conditions). As described in more detail below, inputs to
controller 820 may be measured in that they are indicated in data captured by one or

more Ssensors.

[00129] Figure 11 is a diagram of an embodiment 900 of a system for
generating liquid water from air. System 900 may be substantially similar to system
800, with the primary differences and/or additions described below. Otherwise,
system 900 may comprise any and/or all features described with respect to system
800.

[00130] In system 900, as with system 800, desiccant 804 (or a first portion
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thereof) may be in fluid communication with process air in process air pathway 810
while the desiccant 804 (or a second portion thereof) is simultaneously in fluid
communication with regeneration fluid in regeneration fluid pathway 812, and, thus,
desiccant unit 802 operates in a continuous and non-batch manner. In this
embodiment, sections of desiccant 804 may be exposed to air in process air pathway

810 and fluid in regeneration fluid pathway 812 in an alternating manner.

[00131] System 900 may comprise a rotatable disk 910 (e.g., with desiccant
804 disposed thereon). Desiccant 804 (or sections thereof) may be configured to move
between the adsorption zone and the desorption zone as disk 910 is rotated. For
example, in the depicted orientation of disk 910, a portion 912 of the desiccant is in
communication with process air pathway 810, and a portion 914 of the disk is in
communication with regeneration fluid pathway 812. System 900 may comprise an
actuator (e.g., electrical motor) 906 configured to cause rotation of disk 910.
Controller 820 may be configured to optimize liquid water production at least by
controlling movement (e.g., through control of actuator 906) of desiccant 804 (e.g.,
disk 910) between the adsorption zone and the desorption zone. In other

embodiments, actuator 906 may rotate disk 910 at a predetermined rotation rate.

[00132] System 900 may comprise a solar power unit 904 configured to
provide power to at least a portion of system 900 (e.g., blower 42, circulator 46,
actuator 114, and/or the like). Solar power unit 904 may be configured to convert
solar insolation to electrical power (e.g., solar power unit 904 comprises a solar
panel). For example, solar power unit 904 may be provided as a photovoltaic (PV)
solar panel comprising semiconducting materials exhibiting a photovoltaic effect. In
these and similar embodiments, controller 820 may be configured to control system
900 in response to diurnal variations in solar insolation (e.g., an amount of electrical
power generated by solar power unit 904). In some examples, the solar power unit

904 may be PV panel 190 (as shown in Figures 1-2).

[00133] Systems for generating liquid water from air may be modular in nature.
For example, systems may be configured such that each component (e.g. solar power
unit 904, thermal unit 822, desiccant unit 802, condenser 824, water collection unit
826, and/or the like) may be separated from one another, transported, assembled

and/or re-assembled with one another (e.g., in a same or a different configuration),
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and/or the like. For example, in some embodiments, the system may be configured
such that no dimension of any singular component (e.g., water collection unit 826,
desiccant unit 802, solar power unit 904, thermal unit 822, condenser 824, and/or the
like) is larger than six to eight feet (e.g., to facilitate transport of the system or
components thereof, for example, in a single cab truck bed, such as a bed of a Tovota
Hilux pickup truck) (e.g., each component has a footprint that is less than or equal to
64 square feet (ft) and/or each component can be contained within a cubic volume

less than or equal to 512 cubic feet (ft)).

[00134] Controller 820 may be configured to control one or more of blower
826, circulator 828, actuator 906, and/or the like (e.g., to optimize liquid water
production, where such control may be in response to diurnal variations, for example,
in ambient temperature, ambient air relative humidity, solar insolation, and/or the
like). For example, controller 820 may be configured to increase a rate of liquid water
production by controlling blower 826, circulator 828, actuator 906, and/or the like,
taking into account, for example, diurnal variations. Such variations may change the
amount of thermal energy generated by thermal unit 822, the level of electrical power
provided by solar power unit 904, the level of humidity in process air entering the
system, and/or the like. In some embodiments, ambient conditions may be measured
in real-time or can be forecast based on, for example, historical averages and/or the
like. In embodiments in which controller 820 receives real-time measurements,
various sensors (described in more detail below) may provide data indicative of
ambient conditions to controller 820 (e.g., continuously, periodically, when requested

by controller 820, and/or the like).

[00135] Controller 820 may operate the system based on one or more of’ a user
selection, data received from one or more sensors, programmatic control, and/or by
any other suitable bases. For example, controller 820 may be associated with
peripheral devices (including sensors) for sensing data information, data collection
components for storing data information, and/or communication components for

communicating data information relating to the operation of the system.

[00136] System 900 may comprise one or more peripheral devices, such as
sensors 902 and 916-922 (e.g., temperature sensors 916, humidity sensors 918, solar

insolation sensor 920, flow rate sensors 922, water level sensor 902, and/or the like).
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In some embodiments, one or more sensors may provide data indicative of ambient
air temperature, ambient air relative humidity, solar insolation, process air
temperature, regeneration fluid temperature, process air relative humidity,
regeneration fluid relative humidity, process air flow rate, regeneration fluid flow rate,

liquid water production rate, water usage rate, and/or the like.

[00137] One or more sensors 902 and 916-922 may be located remotely from
other components of the system and may provide captured data to the other
components of the system via a wired and/or wireless connection. For example, a
town, village, city, and/or the like may include a plurality of the present systems, and
one of the plurality of the present systems may provide data indicative of ambient
environmental conditions (e.g., air temperature, air relative humidity, a solar
insolation level, and/or the like) to another one of the plurality of the present systems.
In this way, in some embodiments, a single sensor may be shared by multiple
systems. In some embodiments, data communicated to a controller (e.g., 820) by one
or more peripheral devices (e.g., one or more sensors 902 or 916-922) may be stored

in a data logging unit.

[00138] System 900 may comprise a telematics unit (e.g., a transmitter,
receiver, transponder, transverter, repeater, transceiver, and/or the like, sometimes
referred to herein as “transceiver 908”). For example, a transceiver 908 may be
configured to communicate data to and/or from the system (e.g., controller 820) via a
wired and/or wireless interface (e.g, which may conform to standardized
communications protocols, such as, for example, GSM, SMS components operating at
relatively low rates (e.g., operating every few minutes), protocols that may be

geographically specified, and/or the like).

[00139] Transceiver 908 may be associated with a server and a
communications network for communicating information between the server and the
transceiver (e.g., and thus the system and/or a controller 820 thereof). Two-way
communication may be facilitated by a cellular tower in cellular range of the system.
In some embodiments, a database (e.g., which may be remote from the system) may
be configured to store information received from the server over the communications

network.

[00140] In embodiments with telematics capability, a network administrator or
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device owner may send a command to controller 820 to update or delete look-up table
data (described below) and/or a control algorithm. In this way, data security may be

maintained, for example, in the case that the system is stolen or otherwise lost.

[00141] Controller 820 may be configured to vary operation of system 900 at
least based on real-time and/or forecast variations in ambient conditions. For example,
controller 820 may control exposure of desiccant 804 (e.g., or sections thereof) to
process air and regeneration fluid in response to changes in ambient conditions (e.g.,
by changing the rotational speed of disk 910, such that the time that a portion of
desiccant 804 disposed thereon is exposed to process air in process air pathway 810 or
regeneration fluid in regeneration fluid pathway 812 may be increased or decreased).
In some embodiments, controller 820 may be configured to vary a size of an

adsorption zone or a desorption zone (e.g., in response to diurnal variations).

[00142] From the foregoing, it will be appreciated that although specific
examples have been described herein for purposes of illustration, various
modifications may be made without deviating from the scope of this disclosure. It is
therefore intended that the foregoing detailed description be regarded as illustrative
rather than limiting, and that it be understood that it is the following claims, including
all equivalents, that are intended to particularly point out and distinctly claim the

claimed subject matter.

39



WO 2017/177143 PCT/US2017/026609

CLAIMS

What is claimed is:

1. A solar thermal unit comprising:

a first glazing layer having an outer surface and an inner surface;

a first porous light absorbing material layer below and spaced apart from the
first glazing layer, the first porous light absorbing material layer having a top surface,
a thickness, and a bottom surface;

a first fluid flow path that flows along the inner surface of the first glazing
layer and then through the thickness of the first porous light absorbing material layer
to an outlet; and

a heat absorbing fluid that flows along the first fluid flow path, wherein the
heat absorbing fluid is configured to collect heat from along the inner surface of the

first glazing layer and from the porous light absorbing material layer.

2. The solar thermal unit of claim 1, further comprising:

a first interstitial layer between the first glazing layer and the first porous light
absorbing material layer, the first interstitial layer comprising a top surface and a
bottom surface, wherein the top surface of the first interstitial layer is below and
spaced apart from the inner surface of the first glazing layer and the bottom surface of
the first interstitial layer is above and spaced apart from the top surface of the first
porous light absorbing material layer;

wherein the first fluid flow path flows along the inner surface of the first
glazing layer between the inner surface of the first glazing layer and the top surface of
the interstitial layer, and then between the bottom surface of the interstitial layer and
the top surface of the first porous light absorbing material layer and through the

thickness of the first porous light absorbing material layer to an outlet.

3. The solar thermal unit of claim 1, wherein the first interstitial layer

comprises a glazing.

4. The solar thermal unit of claim 1, wherein the first interstitial layer

comprises a PV panel and a glazing.
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5. The solar thermal unit of claim 1, further comprising an insulation
layer below and spaced apart from the first porous light absorbing material layer, the
insulation layer being configured to provide a first flow channel along which the first

fluid flow path flows to the outlet.

6. The solar thermal unit of claim 1, wherein the insulation layer
comprises a bottom and a side wall and the solar thermal unit further comprises a first
sealed flow chamber bounded by the first glazing layer, the bottom of the insulation

and the side wall of the insulation that encloses the first fluid flow path.

7. The solar thermal unit of claim 1, further comprising:

a second glazing layer having an outer surface and an inner surface;

a second porous light absorbing material layer below and spaced apart from
the second glazing layer, the second porous light absorbing material layer having a
top surface, a thickness, and a bottom surface; and

a second fluid flow path that flows along the inner surface of the second
glazing layer and then through the thickness of the second porous light absorbing

material layer to the outlet.

8. The solar thermal unit of claim 7, further comprising:

a second interstitial layer between the second glazing layer and the second
porous light absorbing material layer, the second interstitial layer comprising a top
surface and a bottom surface, wherein the top surface of the second interstitial layer is
below and spaced apart from the inner surface of the second glazing layer and the
bottom surface of the second interstitial layer is above and spaced apart from the top
surface of the second porous light absorbing material layer;

wherein the second fluid flow path flows along the inner surface of the second
glazing layer between the inner surface of the second glazing layer and the top surface
of the interstitial layer, and then between the bottom surface of the interstitial layer
and the top surface of the second porous light absorbing material layer and through

the thickness of the second porous light absorbing material layer to the outlet.

9. The solar thermal unit of claim 7, wherein the second interstitial layer

comprises a PV panel and a glazing.
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10. The solar thermal unit of claim 7, wherein the insulation layer is below
and spaced apart from the second porous light absorbing material layer, the insulation
layer being configured to provide a second flow channel along which the second fluid

flow path flows to the outlet.

11. The solar thermal unit of claim 7, further comprising a second sealed
flow chamber bounded by the second glazing layer, the bottom of the insulation and

the side wall of the insulation that encloses the second fluid flow path.

12. The solar thermal unit of claim 7, wherein the solar thermal unit is
configured to evenly divide and direct inflowing heat absorbing fluid between the first

fluid flow path and the second fluid flow path.

13. The solar thermal unit of claim 7, wherein the plenum further
comprises a plenum cover and an upper plenum chamber below the plenum cover, the

plenum cover comprising a PV panel.

14. The solar thermal unit of claim 13, wherein the heat absorbing fluid
enters the upper plenum chamber through an inlet and collects heat from the

photovoltaic panel before continuing along the first flow path or the second flow path.

15. A solar thermal unit comprising;

a first glazing layer having an outer surface and an inner surface;

a first porous light absorbing material layer below and spaced apart from the
first glazing layer, the first porous light absorbing material layer having a top surface,
a thickness, and a bottom surface;

a first interstitial layer between the first glazing layer and the first porous light
absorbing material layer, the first interstitial layer comprising a top surface and a
bottom surface, wherein the top surface of the first interstitial layer is below and
spaced apart from the inner surface of the first glazing layer and the bottom surface of
the first interstitial layer is above and spaced apart from the top surface of the first
porous light absorbing material layer;

a first fluid flow path that flows along the inner surface of the first glazing
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layer and then through the thickness of the first porous light absorbing material layer
to an outlet; and

a heat absorbing fluid that flows along the first fluid flow path.

16. The solar thermal unit of claim 15, wherein the first interstitial layer

comprises a PV panel and a second glazing layer.

17. The solar thermal unit of claim 15, further comprising:

an inlet plenum comprising an inner surface, an inlet and the outlet; and

an insulation layer between the inlet plenum and the first porous light
absorbing material layer, the insulation layer having a top surface and a bottom

surface.

18. The solar thermal unit of claim 17, wherein the first fluid flow path
flows from the inlet, between the inner surface of the inlet plenum and the bottom
surface of the insulation layer prior to flowing along the inner surface of the first
glazing layer and then through the thickness of the first porous light absorbing

material layer to an outlet.

19. The solar thermal unit of claim 15, further comprising:

a second porous light absorbing material layer below and spaced apart from
the first glazing layer, the second porous light absorbing material layer having a top
surface, a thickness, and a bottom surface;

a second interstitial layer between the first glazing layer and the second porous
light absorbing material layer, the second interstitial layer comprising a top surface
and a bottom surface, wherein the top surface of the second interstitial layer is below
and spaced apart from the inner surface of the first glazing layer and the bottom
surface of the second interstitial layer is above and spaced apart from the top surface
of the second porous light absorbing material layer; and

a second fluid flow path that flows along the inner surface of the first glazing
layer and then through the thickness of the second porous light absorbing material
layer to the outlet; and

an inlet configured to divide the heat absorbing fluid to flow along the first
fluid flow path and the second fluid flow path.
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