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(57) ABSTRACT

The invention provides a method for reclaiming heat from a
fluid, the method having the steps of contacting the fluid to
a phase change material for a time suflicient to increase the
temperature of the material and or liquety some of it; and
contacting the material to a second fluid for a time suilicient
to increase the temperature of the second fluid and to
decrease the temperature of the material or to solidily some
of 1t. The invention also provides a system to reclaim heat
from a first fluid, the system having a first void space
containing phase changing material, and a second void space
in thermal communication with the first void space. The
system functions as an eflicient thermal storage bufler when
heat supplied from the first fluid 1s not equal to the heat
received by the second fluid at any instant of time.
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MODULAR LATENT HEAT THERMAL
ENERGY STORAGE BUFFER SYSTEM

CONTRACTUAL ORIGIN OF THE INVENTION

[0001] The U.S. Government has rights in this mvention
pursuant to Contract No. DE-ACO02-06CH11357 between
the U.S. Department of Energy and UChicago Argonne,
LLC, representing Argonne National Laboratory.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] This invention relates to a method and system for
increasing energy system ethiciencies and more specifically
this 1nvention 1s a method and system for buflering energy
usage 1n transportation and power plant scenarios.

2. Background of the Invention

[0003] An important approach to efliciency in energy
usage 1n the transportation and electric power plant indus-
tries 1s to utilize some of the waste heat. In the case of the
internal combustion engine, a portion of the waste heat from
the engine can be recovered and converted into useful work.
In the case of electric power plants, utilization of some of the
heat rejected from the plant can reduce water usage in
cooling towers or heat transferred to neighboring bodies of
water while increasing efliciency. In both industrial cases,
the key 1s creating waste heat recovery systems that are cost
ellective. A common problem 1n this endeavor 1s that the
waste heat supply, or waste heat usage, or both are not
generally constant. As an example, the heat generated 1n an
automotive vehicle can vary significantly over time due to
acceleration, deceleration, stopping and starting. When the
heat source and heat utilization are unequal, the systems are
either mnefhicient or cease to recover waste heat entirely.
[0004] Low hanging fruit in energy savings abound 1n the
power generation and transportation sector. Two areas where
the need for energy savings 1s particularly acute are fuel
burning, and energy production. For example, nearly 35
percent of fuel to engines (e.g., both mobile and immobile
applications) 1s wasted in exhaust gases. This results 1n
excessive fuel burn and further exacerbates the nation’s
dependence on foreign sources of petroleum.

[0005] Water evaporation in cooling tower operations can
be measured 1n the millions of gallons each day for a single
power plant. The reduction of water usage and consumption
1s a priority for all types of power plants and 1s becoming an
essential consideration for their operations due to increased
demands for electricity, and increased demands for water 1n
industrial, agricultural and consumer sectors. Constraints on
cooling water supplies 1impact not only the operations of
existing power plants, but also the siting decisions of new
power plants.

[0006] As part of the US Department of Energy’s 2010
Super Truck program, waste heat recovery systems were
developed for a class 8 diesel truck (18 wheeler). During full
recovery of waste heat from the exhaust gas flowing at 28
kg/min from the engine producing 460 hp, the exhaust gas
temperature was reduced from 596° F. to 317° F. with the
energy going into electricity production.

[0007] A need exists 1n the art for a method and system to
store waste heat temporarily and use 1t to perform useful
work. The method and system should mitigate the afore-
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mentioned energy inequality between source and utilization,
thus increasing the efliciency of the processes. In other
words, the method and system should allow for mismatch of
heat 1n and out of a thermal storage system. The method and
system should also allow for a constant heat transier rate 1n
or out ol the system with variable rate for the other.
Furthermore, the method and system should facilitate its use
near an engine or power plant, such that 1t should be
modular.

SUMMARY OF INVENTION

[0008] An object of the invention is to provide a thermal
storage bufler system and method that overcomes a major
obstacle to implementation of waste heat recovery. The
bufler system serves as a temporary (e.g. intermittent)
energy storage system to overcome the disadvantages of
unequal energy input and output, thus increasing energy
utilization efliciency.

[0009] Another object of the mnvention 1s to provide a
method for bullering waste heat 1n energy consumption and
energy production scenarios. A feature of the invention 1s
that heat 1s simultaneously added (charged) and removed
(discharged) but at different rates. An advantage 1s an
increase or decrease in heat storage, thereby enabling sys-
tems to function at optimal efliciencies. The method and
system allows for continuous operation in transition pro-
cesses such that the method and system provides a buller
that evens up thermal loads caused by varying power outputs
and varying heating demands.

[0010] Stll another object of the mnvention 1s to provide a
method and system to optimize utilization of heat dissipated
in mobile combustion scenarios. A feature of the mvention
1s the buflering of exhaust heat to a heat transfer fluid for
utilization by a turbine. An advantage of the invention 1s an
increase in fuel mileage per volume of fuel combusted.
Another advantage 1s a reduction 1n dissipated heat.

[0011] Yet another object of the invention 1s to provide a
method and system to reduce heat dissipation in immobile
combustion scenarios. A feature of the invention 1s reducing
temperature of heat transter fluid prior to 1ts exposure to
ambient temperatures and pressures. An advantage of the
invention 1s conservation of heat sink fluid, such as water 1n
instances of cooling tower scenarios. Another advantage 1s
a reduction of heat transtferred to the environment: to air, to
a body of water or to evaporating water ponds.

[0012] Stll another object of the mvention 1s to provide
thermal buflering in a compact, versatile, eflicient configu-
ration. A feature of the invention 1s the use of phase change
material embedded 1n high porosity foam. An advantage of
the invention 1s that the provision of one or more modules
cnables versatility in geometry, fabrication, shipping, mnstal-
lation and maintenance/replacement. Briefly, the invention
provides a method for reclaiming heat from a first fluid
which 1s supplied at a first temperature, the method com-
prising contacting the first fluid to a phase change material
for a time suthicient to increase the temperature of the phase
change maternial (and perhaps melt a portion of the materal)
and contacting the phase change material with a second fluid
for a time suflicient to increase the temperature of the second
fluid while decreasing the temperature of the phase change
material (perhaps soliditying some of the melted portion of
the phase change material). The PCM (within a high poros-
ity high thermal conductivity foam) acts as a thermal butler
between the first flmmd from which waste heat i1s being
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extracted and the second fluid to the which the heat 1s added
to be converted into usetul work.

[0013] In this method, the first fluid and second fluid are
in thermal communication with the phase change material
simultaneously. The first fluid and second fluid may increase
temperatures simultaneously. Alternatively, the first fluid
and the second fluid may increase temperatures at different
rates.

[0014] The invention also provides a system to reclaim
heat from a first fluid, the system comprising a first void
space containing phase changing material, and a second void
space i thermal communication with the first void space.
The first void space 1s adapted to receive the first fluid and
the second void space 1s adapted to receive a second fluid.
The material defines a first surface adapted to physically
contact the first fluid and a channel adapted to physically
contact the second fluid. The channel has a fluid ingress
means (e.g., a first or upstream open end), a fluid egress
means (e.g., a second or downstream open end), and a
longitudinally extending region disposed between the
ingress and egress means, wheremn the longitudinally
extending region 1s encapsulated or otherwise surrounded by
the material so as to be in thermal communication with the
material.

[0015] The phase change matenial 1s homogeneously
mixed with foam 1n a volume ratio range of between about
60:40 and about 90:10. The phase change material may be
mixed with foam to form a construct wherein the construct
1s about 20 percent by volume of phase change material and
about 80 percent by volume of foam.

[0016] In this system the construct exhibits a thermal
conductivity of between about 150 W/mK and about 210
W/mK. The thermal conductivity of the foam may be above

about 15 W/mK.

BRIEF DESCRIPTION OF DRAWING

[0017] The invention together with the above and other
objects and advantages will be best understood from the
following detailed description of the preferred embodiment
of the mvention shown in the accompanying drawings,
wherein:

[0018] FIG. 1A 1s a schematic diagram of a phase change
module 26, in accordance with features of the present
imnvention;

[0019] FIG. 1B i1s a schematic of modules integrated into
a latent heat thermal energy storage builer system, 1n accor-
dance with features of the present invention;

[0020] FIG. 1C 1s a view of FIG. 1B taken along line C-C;

the containment 42 for the charging fluid 1s shown along
with a representative number of modules.

[0021] FIG. 1D 1s a an expanded cross sectional view of
an alternate configuration of the latent heat thermal energy
storage bufler system in accordance with features of the
present mvention;

[0022] FIG. 2A 1s a photograph of a 90 percent porosity
foam without phase change maternial infiltration, 1 accor-
dance with features of the present invention;

[0023] FIG. 2B 1s a scanning electron microscope image
of the foam depicted 1n FIG. 2A; and

[0024] FIG. 2C 1s a photograph of the foam after infiltra-
tion with PCM, in accordance with the features of the
present mvention.
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DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0025] The foregoing summary, as well as the following
detailed description of certain embodiments of the present
invention, will be better understood when read in conjunc-
tion with the appended drawings.

[0026] All numeric values are herein assumed to be modi-
fied by the term “about”, whether or not explicitly indicated.
The term “about” generally refers to a range of numbers that
one of skill in the art would consider equivalent to the
recited value (e.g., having the same function or result). In
many instances, the terms “about” may include numbers that
are rounded to the nearest significant figure.

[0027] The recitation of numerical ranges by endpoints
includes all numbers within that range (e.g. 1 to 5 includes
1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

[0028] The following detailed description should be read
with reference to the drawings in which similar elements in
different drawings are numbered the same. The drawings,
which are not necessarily to scale, depict illustrative
embodiments and are not intended to limit the scope of the

invention.
[0029] As used herein, an element or step recited in the
singular and preceded with the word “a” or “an” should be
understood as not excluding plural said elements or steps,
unless such exclusion 1s explicitly stated. As used in this
specification and the appended claims, the term “or” 1s
generally employed 1n its sense including “and/or” unless

the content clearly dictates otherwise.

[0030] Furthermore, references to “one embodiment” of
the present invention are not mntended to be interpreted as
excluding the existence of additional embodiments that also
incorporate the recited features. Moreover, unless explicitly
stated to the contrary, embodiments “comprising” or “hav-
ing”” an element or a plurality of elements having a particular
property may include additional such elements not having
that property.

[0031] The mvented method and system 1s applicable to
engines used 1n trucks, buses, trains, cars, off-road vehicles
and also stationary systems. In such applications, the method
and system increases the heat transfer rate of a charging fluid
(e.g., exhaust gas) to another fluid. The redirected heat may
be used to boil that fluid such as alcohol, which 1n turn can

be used to turn a turbine. A 5 percent increase in fuel mileage
1s a reasonable result.

[0032] The invented method and system 1s applicable to
power plants as well. In these scenarios, the invention 1s a
bufler between a heat utilization fluid and water exiting the
condenser downstream of the turbine. The heat utilization
fluid cools the condenser water decreasing the plant heat
rejection to cooling towers, bodies of water, or air. For
example, whereas without application of waste heat recov-
ery, water exiting the condenser prior to entering the cooling
tower 1s typically at 100° F., waste heat recovery may
decrease that about 5 percent, or to 95° F. (This cooling
occurs prior to return of the water to the air, lake, river, ocean
or cooling tower.) Given a typical tlow rate of 200,000
gallons per minute (gpm) for a S00-MW electric power
plant, the mvention will aid 1n the resulting 20 percent
reduction in cooling tower evaporation, or a water savings of
more than 1.15 million gallons per day. The modular latent
heat thermal energy storage bufler system allows this pro-
cess to perform continuously without decrease or interrup-
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tion due to mnequality of waste heat available from the plant
and the waste heat that can be used at any instant of time.
[0033] FIGS. 1A-D are schematic diagrams of various
aspects of the invented latent heat buflering system. The
system 1s generally designated as numeral 10 in FIG. 1B.
The system 10 comprises a latent heat storage unit 12
encapsulating one or more storage modules 26. The modules
are arranged within a housing containment 42 defining a
containment of the storage unit 12.

[0034] A salient feature of the invented system 1s the
storage module 26 schematically depicted in FIG. 1A. Each
of the modules comprise one or more conduits 28 having a
first end 30 and second end 32. Longitudinally extending
regions ol the conduit intermediate 1ts first and second ends
are 1n thermal communication with a phase change com-
posite 38. Most of the longitudinally extending exterior
surfaces of the conduit intermediate the first and second ends
are encapsulated by the phase change composite 38.
[0035] During initial construction of the module, liquid
PCM 1s infiltrated into the foam pores. Then the PCM/foam
combination 1s placed around the conduit 28, and the foam
containment 40 1s placed around the PCM/foam and sealed.
The PCM/foam may be brazed to the conduit and foam
containment or the spacing may be minimal and no braze
used.

[0036] The PCM/foam composite may be a close fit in the
annular space outside of the conduit and inside of the
containment 43 of each module. Alternatively, the foam can
be brazed to the conduits. CFD simulations generally show
that 1s more economical not to use the brazing.

[0037] Inthis example configuration, fluids flow 1nside the
pipe (conduit) 28 and an exterior surface 43 of a foam
containment structure, 40. PCM/foam 38 1s positioned
between the 1nside pipe and the containment structure so as
to be 1n thermal communication with them. The PCM/foam
composite may be a close fit 1n the annular space outside of
the conduit and inside of the containment 43 of each module.
Alternatively, the foam can be brazed to the conduits. CFD
simulations generally show that 1s more economical not to
use the brazing.

[0038] There may by one or more pipes (conduits 28)
inside the PCM/foam of each module.

[0039] As depicted 1n FIGS. 1B and 1C, the modules 26

are arranged such that their longitudinal axes are parallel
with each other. The modules may or may not contact each
other. In either configuration, interstices or spaces between
the modules exist for fluid passage. In the configuration
depicted 1n FIG. 1B, the charging fluid flows outside the
module containment 40 giving up waste heat to the PCM/
foam of the modules. The PCM/foam in turn transfers heat
to the discharging flwmid flowing through the pipes within the
PCM/foam. The heat received by the discharging fluid will
be utilized, and the PCM/foam of the modules acts as a
thermal bufler for modulating the heat rates into and out of
the modules. Note that the charging and discharging fluids
may tlow on either side of the PCM/foam and are not
constrained to this example.

[0040] FIG. 1C 1s a view of FIG. 1B taken along line C-C.

The containment 42 for the charging fluid 1s shown along
with a representative number of modules.

[0041] FIG. 1D i1s an expanded cross-sectional view of an
alternate configuration of the latent heat thermal energy
storage bufler system. In this configuration, each module has
a separate containment for the charging flmd compared to

Jan. 17,2019

one containment for the charging fluid flowing to all mod-
ules of FIGS. 1B and 1C. There are three conduits or pipes
shown 1n this configuration: a first coaxially positioned
conduit 28 (e.g. an interior pipe) carrying a tlowing fluid, a
containment pipe 29 around the PCM and foam (marked
PCM 1n FIG. 1D), and an outer pipe 31 forming an annulus
tor the flow of another fluid. The inner and outer surfaces of
the three pipes are marked 1n FIG. 1D as radn with various
subscripts. Specifically, r,, and r,_ designate the inner and
outer cross sections respectively of the first coaxially posi-
tioned conduit 28. Further, r, and r, designate the inner and
outer cross sections respectively of the containment pipe 29.
r,, and r, designate the inner and outer cross sections
respectively of the outer pipe 31.

PCM Composite

Detail

[0042] As depicted in FIGS. 2A-C, the phase change
composite 38 comprises a phase change material 34 homo-
geneously mixed with a high porosity foam 36. (High
porosity foam 1s considered above 88 percent.) Thermal
conductivity of the foam within the construct i1s typically
above about 15 W/mK and preferably above about 200
W/mK, and most preferably between about 150 and 210
W/mK. FIG. 2A shows a high porosity (approximately 90
percent) foam without PCM 1n 1ts pores. The pores 33 are
better depicted 1n the electron microscope image of the foam
in FIG. 2B. The pores may pass through the foam monolith,
or may be surface aberrations only. The photograph of FIG.
2C shows a foam after infiltration with PCM where the foam
pores are filled with PCM.

[0043] The phase change material may be homogeneously
mixed with foam of porosity of between about 80 percent
and about 90 percent. As such, the phase change material 1s
mixed with foam to form a construct and the construct 1s
about 80 percent by volume of phase change material and
about 20 percent by volume of foam. The method as recited
in claim 7 wherein the construct exhibits a latent heat of
fusion of between about 100 kl/kg and about 300 kl/kg. The
method as recited 1n claim 6 wherein the thermal conduc-
tivity of the foam 1s typically above about 15 W/mK
[0044] FIG. 1A 15 a detailed view of the phase change
module 26. The module may be any shape and size with any
number of fluid conduits within, so determined by a housing
containment 40 having a first medially facing surface 41 and
a second radially facing (i.e., exterior) surface 43 The phase
change composite material 38 substantially encapsulates
both conduit 28 and the first medially facing surface 41 of
the module housing 40. The housing 40 1s comprised of any
thermally conductive material, including but not limited to
metal, plastic, fiberglass, glass, carbon fiber, ceramic, stone,
and combinations thereof. High thermal conductivity (e.g.,
above 200 W/mK) 1s preferable and allows the housing to
serve as a heat exchange surface between the phase change
material composite 38 and fluid contacting the second
surface 43 of the housing. The housing 40 may further
comprise structural support members 42 so as to maintain
the configuration of the housing.

[0045] Generally, suitable foam porosity 1s about 80 to
90% for the modular latent heat thermal energy storage
bufler system. The high conductivity of the foam (typically
above about 15 W/mK and preferably above about 150
W/mK) allows heat to flow into and out of the PCM at a fast
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rate capable of bullering the energy flows. The high porosity
ol the foam allows for minimal size of the modules and cost
of the foam while the PCM reduces the size of the system
compared to single-phase energy storage 1n liquids or solids
alone.

[0046] A myriad of phase change materials are suitable for
incorporation 1n the mvented system. For waste heat recov-
ery applications to engines, generally, the PCM should have
a melting temperature above about 180° C. and below about
240° C. Exemplary phase change materials include, but are
not limited to p-Aminobenzoic acid, Penterythritol, LiINO,-
NaNO,, 40% KNO,-60% NaNO,, and 54% KNO,-46%
NaNQO;, and combinations thereof. For district heating waste
heat recovery from electric power plants, generally the PCM
should have a melting temperature above about 30° C. and
below about 44° C. Exemplary phase change materials
include, but are not limited to Caprilone, Docasyle bromide,
N-Henicosame, Phenol, N-Lauric acid, P-Joluidine, n-Do-
tricontane, n-Tritricontane, Camphenilone, Heptadecanone,
[-Cyclohexyl-ooctadecane, and 4-Heptadacanone, and com-
binations thereof.

[0047] The composite 38 thereby embodies a high latent
heat of fusion (typically above about 100 klJ/kg and pretfer-
ably close to about 300 klJ/kg), resulting 1n small effective
volumes. This advantage 1s enhanced in fabrication, specific
system design and maintenance by use of modular compo-
nents. This combines the advantages of large energy storage
capacity from the latent heat of fusion of the PCM and the
high thermal conductivity of the foam structure with the
versatility of modular design. The high thermal conductivity

foam ol the composite 38 provides fast charge/discharge
rates.

[0048] Exterior surfaces of the containment 42 define an
ingress means 18 and egress means 20 for a charging tluid.
An exemplary charging fluid may be exhaust from a vehicle,
anti-freeze/anti-boil fluid from a radiator, or cooling water
from a power plant. The system 1s engineered to handle
charging fluids ranging 1n temperatures from about 30° C. to
about 240° C. Generally, the system accepts the charging
fluid at the charging fluid means of ingress 18 at a first
temperature, and aiter thermal exchange, discharges the
fluid at a charging fluid means of egress 20 at a second
temperature that 1s lower than the first temperature.

[0049] This change 1n temperature between the ingress 18
and egress 20 portals of the housing 1s the result of the
charged tluid contacting exterior surfaces 43 of each of the
modules 26.

[0050] The temperature of each of the modules 26 is
regulated by the temperature of fluid flowing through its
center conduit 28, and also the temperature of the fluid
contacting the exterior surface 43 of 1ts containment 40.
Exemplary fluid contacting the modules’ interior surfaces 41
through the conduit 28 may be motor fuel (for preheating),
anti-freeze/anti-boil fluid from the vehicle radiator, and
fluids with vapor pressures at or above a predetermined
pressure, depending on the use of the treated fluid. For
example, 1n situations where a fluid 1s to be vaporized for
turning a turbine, glycols (such as ethylene glycol having a
vapor pressure of approximately 0.06 mm Hg at 20° C.) may
contact the surfaces of conduits 28. Other polar fluids, such
as water, alcohols (such as methanol and ethanol) are also
good candidate discharging fluids for evaporation and
expansion 1n turbines.
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[0051] Alternatively, and as depicted in FIG. 1D, the
charging fluid (e.g., hot fluid) may flow in an annulus 45
surrounding each module 26. In this configuration of the
invention, each module 26 has 1ts own containment replac-

ing the containment 40 surrounding all modules together as
shown i FIGS. 1B and 1C.

[0052] In summary, there are two heat transier fluids 1n
this system. One fluid flows through the conduits 28 encap-
sulated by the modules such that the first fluid 1s 1n thermal
communication with the module. The second fluid flows
outside the modules but 1n thermal and maybe physical,
communication with the module. In an embodiment of the
invention, the first flmd 1s considered the charging fluid,
while the second fluid 1s considered the discharging fluid.
Heat from the charging fluid may not equal the heat to the
discharging fluid at any given time. If there 1s more heat
being supplied than removed, energy will be stored 1n the
phase change material, with the converse also true. Energy
may continuously enter and leave the system at differing
rates over time.

[0053] Waste heat recovery may be applied to virtually
any size vehicle 1t the recovery system can be kept small.
For large class 8 trucks there 1s some tlexibility with the size
and placement of components. In this case, diesel engines of
about 500 hp are typical. Exhaust gas flowrates at full power
are approximately 30 kg/min at about 600° F. The heat 1n the
exhaust gas 1s usually dissipated in the atmosphere and 1s the
source of heat for the recovery system. Heat may be
extracted from the exhaust gas recirculation (EGR) system
or from the exhaust in the tail pipe of the vehicle or both.

[0054] In electric power plants, the source of waste 1s the
condenser water typically at a temperature of about 120° F.
The potential for waste heat recovery 1s very large. For a 500
MW electric power plant, running at 40% thermal efliciency,
750 MW of heat 1s typically dissipated to the atmosphere
and 1s the source of the waste heat recovery.

[0055] The mvention provides a method for reclaiming
heat from a first fluid, the method comprising contacting the
first fluid to a phase change material/foam combination for
a time suflicient to increase the temperature of the material
and or liquely some of it; and contacting the material to a
second fluid for a time suflicient to increase the temperature
of the second fluid and to decrease the temperature of the
material or to solidily some of 1t. The invention includes a
modular design which facilitates fabrication, installation,
maintenance, and design tlexibility according to the appli-
cation. The invention also provides a system to reclaim heat
from a first flmid, the system comprising a first void space
containing phase changing material, and a second void space
in thermal communication with the first void space. The
system functions as an etlicient thermal storage buller when
heat supplied from the first fluid 1s not equal to the heat
received by the second fluid at any instant of time.

[0056] It 1s to be understood that the above description 1s
intended to be 1llustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from 1ts scope. While the dimensions and
types ol materials described herein are intended to define the
parameters of the invention, they are by no means limiting,
but are instead exemplary embodiments. Many other
embodiments will be apparent to those of skill in the art
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upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled. In the appended claims,
the terms “including” and *“in which” are used as the
plain-English equivalents of the terms “comprising” and
“wherein.” Moreover, i the following claims, the terms
“first,” “second,” and ““third,” are used merely as labels, and
are not itended to impose numerical requirements on their
objects. Further, the limitations of the following claims are
not written in means-plus-function format and are not
intended to be interpreted based on 35 U.S.C. § 112, sixth
paragraph, unless and until such claim limitations expressly
use the phrase “means for” followed by a statement of
function void of further structure.
[0057] As will be understood by one skilled 1n the art, for
any and all purposes, particularly in terms of providing a
written description, all ranges disclosed herein also encom-
pass any and all possible subranges and combinations of
subranges thereof. Any listed range can be easily recognized
as suiliciently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters,
fifths, tenths, etc. As a non-limiting example, each range
discussed herein can be readily broken down into a lower
third, middle third and upper third, etc. As will also be
understood by one skilled 1n the art all language such as “up
to,” “at least,” “greater than,” “less than,” “more than™ and
the like include the number recited and refer to ranges which
can be subsequently broken down into subranges as dis-
cussed above. In the same manner, all ratios disclosed herein
also include all subratios falling within the broader ratio.
[0058] One skilled 1n the art will also readily recognize
that where members are grouped together 1n a common
manner, such as 1n a Markush group, the present invention
encompasses not only the entire group listed as a whole, but
cach member of the group individually and all possible
subgroups of the main group. Accordingly, for all purposes,
the present invention encompasses not only the main group,
but also the main group absent one or more of the group
members. The present invention also envisages the explicit
exclusion of one or more of any of the group members 1n the
claimed vention.
1. A method for reclaiming heat from a first fluid, the
method comprising:
a) contacting the first fluid to a phase change material for
a time sutlicient to decrease the temperature of the first
fluid and increase the temperature of the maternial; and
b) contacting the material to a second fluid for a time
suilicient to increase the temperature of the second fluid
and decrease the temperature of the matenal.
2. The method as recited in claim 1 wherein the first fluid

and second fluid increase temperatures simultaneously.
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3. The method as recited 1n claim 1 wherein the first fluid
and the second fluid increase temperatures at different rates.

4. The method as recited 1n claim 1 wherein the first fluid
and second fluid are i1n thermal communication with the
phase change material simultaneously.

5. The method as recited 1n claim 1 wherein the first fluid
and the second fluid do not contact each other.

6. The method as recited 1n claim 1 wherein the phase
change material 1s homogeneously mixed with a foam of
porosity of between about 80 percent and about 90 percent.

7. The method as recited in claim 1 wherein the phase
change material 1s mixed with a foam to form a construct
and the construct 1s about 80 percent by volume of phase
change material and about 20 percent by volume of said
foam.

8. The method as recited 1n claim 7 wherein the construct
exhibits a latent heat of fusion of between about 100 kl/kg
and about 300 kl/kg.

9. The method as recited in claim 6 wherein the thermal
conductivity of the foam 1s typically above about 15 W/mK.

10. A system to reclaim heat from a first fluid, the system
comprising:

a) a first void space containing phase changing material;

and

b) a second void space in thermal commumnication with the

first void space.

11. The system as recited 1n claim 10 wherein the first
void space 1s adapted to receive the first fluid and the second
vold space 1s adapted to receive a second fluid.

12. The system as recited in claim 11 wherein the material
defines a first surface adapted to physically contact the first
fluid and a channel adapted to physically contact the second
flud.

13. The system as recited in claim 12 wherein the channel
has a fluid 1ngress means, a fluid egress means, and a
longitudinally extending region disposed between the
ingress and egress means, wherein the longitudinally
extending region 1s encapsulated by the matenal.

14. The system as recited in claim 10 wherein the phase
change material 1s homogeneously mixed with foam 1n a
volume ratio range of between about 60:40 and about 90:10.

15. The system as recited in claim 10 wherein the phase
change material 1s mixed with foam to form a construct and
the construct 1s about 20 percent by volume of phase change
material and about 80 percent by volume of foam.

16. The system as recited 1n claim 15 wherein the con-
struct exhibits a thermal conductivity of between about 150
W/mK and about 210 W/mK.

17. The system as recited 1n claim 14 wherein the thermal
conductivity of the foam 1s above about 15 W/mK foam.
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