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(57) ABSTRACT 

The present invention is directed toWard compositions of 
phase change materials derived from fats and oils, and the 
utilization of such phase change materials in heating, vent 
ing, and air conditioning (HVAC) systems. More particu 
larly, the utilization of such phase change materials in a heat 
pump or air conditioner to signi?cantly increase the ef? 
ciency of heat exchange With the surrounding environment. 
Various embodiments are disclosed including energy storage 
devices having phase change materials encapsulated 
betWeen sheets of material to reduce stresses associated With 
freezing and thaWing of the phase change material. A 
preferred heat pump apparatus utilizes the phase change 
material in the evaporator, and a smart fan mode of operation 
to circulate outside air through the evaporator based on 
approach temperature rather than compressor operation. 
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Fig. 5. 
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Fig. 13 
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HEAT PUMP USING PHASE CHANGE 
MATERIALS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation-In-Part of US. 
patent application Ser. No. 09/945,682, ?led Sep. 5, 2001, 
noW pending, and claims priority of the following US. 
Provisional Patent Applications: Serial No. 60/351,506, ?led 
Jan. 28, 2002; Serial No. 60/364,466, ?led Mar. 18, 2002; 
Serial No. 60/410,325, ?led Sep. 13, 2002; and Serial No. 
60/426,595 ?led Nov. 18, 2002. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] This invention relates generally to phase change 
materials and apparatus utiliZing phase change materials 
and, more particularly, to phase change materials produced 
from fats and oils, and HVAC apparatus utiliZing phase 
change materials, including heat pumps. 

[0004] 2. Description of Prior Art 

[0005] The present invention relates to phase change 
material (PCM) chemicals used in PCM devices to store or 
remove thermal energy. Applications include (1) Walls, 
?ooring, and tank devices used to moderate climates in 
buildings (2) food storage coolers or other types of coolers, 
(3) devices used to keep food Warm, and (4) essentially any 
device used to keep a substance at a relatively constant 
temperature betWeen —20° C. and 150° C. More speci?cally, 
this invention is directed toWard a composition of PCM 
chemicals largely comprised of fatty acid derivatives, a 
method for producing these PCM chemicals, and a method 
for using these PCM chemicals. 

[0006] The term “phase change material” or PCM is 
knoWn in the science as that class of materials that uses 
phase changes to absorb or release heat at a relatively 
constant temperature. Typically the phase changes are fusion 
(or melting) With an associated latent heat. 

[0007] Advantages of PCM in climate control include: 

[0008] 1. Eliminating need of air conditioner or heater 
requirements during substantial portions of the year. 

[0009] 2. Shift electricity usage from prime time to 
non-prime time. 

[0010] 3. Reducing the siZe of air conditioners needed 
to provide cooling requirement. 

[0011] 4. Substantially eXpanding regions in Which heat 
pumps are practical for heating in Wintertime. 

[0012] Commonly used PCMs include hydrated salts, 
eutectic salts, and paraf?ns. Similar prior art on use of phase 
change materials With the outside units of heat pumps has 
not been located. 

SUMMARY OF INVENTION 

[0013] The present invention is directed toWard a compo 
sition of phase change material and method for high yields 
of phase change materials from fats and oils, the use of phase 
change materials in the area of heating, venting, and air 
conditioning (HVAC) systems. Another aspect of the present 
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invention is an improvement on that component of a heat 
pump or air conditioner that eXchanges heat With the sur 
rounding environment. More speci?cally, a heat pump or air 
conditioning coil that is designed to maXimiZe the intake of 
solar energy onto the coil. Similar technology for high yields 
of products from fats and oils has not been located. 

BRIEF DESCRIPTIONS OF DRAWINGS 

[0014] FIG. 1 is a schematic illustration shoWing tWo 
methods of integrating the tubing of a heat pump coil onto 
a surface. 

[0015] FIG. 2 is a schematic draWing illustrating a method 
of integrating the tubing of a heat pump coil With phase 
change material Wherein part of the surface in contact With 
air contacts the phase change material and part of the surface 
in contact With air contacts the Working ?uid. 

[0016] FIG. 3 is a schematic draWing illustrating a method 
of integrating the tubing of a heat pump coil With phase 
change material. 

[0017] FIG. 4 is an exploded isometric vieW of a solar coil 
comprised of tWo heat transfer plates, a cavity, and a back 
plate Wherein the heat pump ?uid ?oWs betWeen the tWo 
plates and the cavity is ?lled With a phase change material. 

[0018] FIG. 5 is a side vieW, top vieW, and front vieW of 
preferred heat pump coil. 

[0019] FIG. 6 is a schematic draWing illustrating methods 
of integrating the tubing of a heat pump coil onto a surface 
by RIM attachment of the tubing to a panel With air channels 
through cavity, and a perspective vieW shoWing the path of 
air ?oW directed through the panel With a fan. 

[0020] FIG. 7 is a schematic draWing illustrating hoW the 
shield does not block sunlight during Winter and With the sun 
loW to the southern horiZon (Northern hemisphere applica 
tion). 
[0021] FIG. 8 is a schematic draWing illustrating hoW the 
shield blocks and re?ects sunlight during summer and With 
the sun loW to high in the sky (Northern hemisphere appli 
cation). 
[0022] FIG. 9 is a schematic draWing illustrating an 
outside heat transfer device for a heat pump With a fan 
controlling air How and insulation preventing heat ?oW 
When the fan is off. 

[0023] FIG. 10 is a schematic draWing illustrating a 
modulated central air unit for easy house installation. 

[0024] FIG. 11 is a schematic draWing illustrating an 
evaporator/condenser design using thin rectangular PCM 
containers. 

[0025] FIG. 12 is a schematic draWing illustrating a hot 
Water heater using PCM as a stored source of heat to provide 
suf?cient capacity to heat rapid How of Water. 

[0026] FIG. 13 is a schematic draWing illustrating a tube 
and shell con?guration using segregated PCM chemicals 
and a refrigerant coil to heat Water. 

[0027] FIG. 14 is a schematic draWing illustrating a 
laminated pouch array using tWo sheets to encapsulate the 
PCM chemical. 
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[0028] FIG. 15 is a schematic drawing illustrating a vessel 
con?guration for hanging laminated pouch arrays. 

[0029] FIG. 16 is a schematic expanded front vieW of a 
laminated pouch array embodiment With a refrigerant tube 
and packing sheet to provide 3-Way heat transfer. 

[0030] FIG. 17 is a schematic expanded side vieW of the 
laminated pouch array embodiment With a refrigerant tube 
and packing sheet to provide 3-Way heat transfer. 

[0031] FIG. 18. is a schematic side vieW in cross section 
of a vessel containing the laminated pouch array embodi 
ment With a refrigerant tube and packing sheet to provide 
3-Way heat transfer. 

[0032] FIG. 19a is a schematic front vieW in cross section 
of the vessel containing the laminated pouch array embodi 
ment With a refrigerant tube and packing sheet to provide 
3-Way heat transfer illustrating the air ?oW pattern forcing 
air to enter on the sides of the hanging laminated pouch 
array. 

[0033] FIG. 19b is a schematic front vieW in cross section 
of the vessel containing the laminated pouch array embodi 
ment shoWing the pouches arranged to provide even air ?oW. 

[0034] FIG. 20a and FIG. 20b are block air ?oW diagrams 
of systems using PCM to enhance the performance of 
desiccant With evaporative cooling folloW-up, and With AC 
cooling folloW-up, respectively. 

[0035] FIG. 21 is a block ?oW diagram of a process for 
producing PCM chemicals from fats and oils using revers 
ible reaction and a solid-liquid separation process. 

[0036] FIG. 22 is a block ?oW diagram of a process for 
producing PCM chemicals from fats and oils using tWo 
solid-liquid separation processes. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0037] Three-Way Heat Transfer Embodiment 

[0038] The improved heat transfer devices in accordance 
With the present invention may serve as either the evaporator 
or condenser of a heat pump, and alternative embodiments, 
as described hereinafter are effective for replacing conven 
tional hot Water heaters. The present apparatus and method 
incorporates a phase change material into the heat transfer 
device such that ef?cient heat transfer occurs betWeen; a) air 
and the Working ?uid of the heat pump, b) the phase change 
material and the Working ?uid of the heat pump, and c) air 
and the phase change material. Asigni?cant advantage of the 
present invention over other apparatus and methods of the 
prior art is that all three heat transfer processes (a, b, and c) 
occur ef?ciently and in one integrated device. Incorporation 
of the phase change material into the evaporator or con 
denser can improve ef?ciency, eXtend heat pump operation 
into colder temperatures Where it Would otherWise not be the 
preferred option, and reduce the needs for deicing the heat 
pump evaporator. 

[0039] The improved heat transfer device contains a pas 
sage for the ?oW of a heat pump ?uid (also referred to as 
Working ?uid) such that heat transfer occurs through the 
surface of at least part of that passage. FIG. 1 and FIG. 2 
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illustrate alternative con?gurations for this heat transfer 
means—the Working ?uid is the ?uid of the heat pump or 
refrigerant cycle. 

[0040] Heat transfer to or from the passage is through a 
surface preferably comprised of metal or polymer or tWo or 
more surfaces in contact so as to function as a single surface 
for heat transfer. The inside of this surface is de?ned as 
being in contact With the Working ?uid (such as a FREON 
refrigerant). 10% to 90% of the outside of this surface 
contacts a gas comprised primarily of air, and 10% to 90% 
of the outside of this surface contacts a phase change 
material. More preferably, 30% to 80% of the surface outer 
side contacts air, and 20% to 70% of the surface outer side 
contacts a phase change material. Most preferably, 50 to 
70% of the surface outer side contacts air, and 30% to 50% 
of the surface outer side contacts a phase change material. 

[0041] In this embodiment, a heat pump uses a PCM 
chemical to improve the ef?ciency for heating a building, the 
heat pump includes a condenser that functionally releases 
thermal energy into a building, a compressor that com 
presses a Working ?uid, an evaporator that takes in thermal 
energy, and a fan that directs air through the evaporator. The 
evaporator includes at least one conduit for ?oW of said 
Working ?uid through the evaporator, at least one sealed 
cavity containing a PCM chemical, and at least one air path 
through Which surrounding air can ?oW. At least 10% of the 
cumulative area of the outer perimeter(s) of the conduit(s) is 
(are) functionally in direct contact With the PMC chemical. 
Here, “functionally in direct contact” means that the outside 
(Working ?uid is inside) of the conduit Wall is in direct 
contact With the PCM chemical or the conduit Wall is in 
direct contact With the PCM chemical container. 

[0042] The amount of phase change material in the heat 
transfer device is greater than the amount of Working ?uid 
in the heat transfer device. The ratio of phase change 
material mass to Working ?uid mass is greater than 10, more 
preferably greater than 25, and most preferably about 100. 
The total volume of phase change material is preferably 
betWeen 1 and 500 gallons and more preferably betWeen 10 
and 100 gallons for every 2500 square feet of space being 
heated by the heat pump. The ratio decrease for larger, 
commercial buildings. 

[0043] The phase change material is itself isolated from 
surrounding air in a cavity that Would generally be consid 
ered a passage or container, and the volume of this cavity is 
greater than volume of the Working ?uid passage per the 
mass ratios previously speci?ed. Consistent With heat pump 
operation, the Working ?uid passage alloWs the Working 
?uid to ?oW through the heat transfer device. The Working 
?uid ?oW is typically caused by a pump or compressor (not 
shoWn in the diagrams). 

[0044] The phase change material is contained Within the 
heat transfer device and does not leave the heat transfer 
device during normal operation. Air ?oWs through the heat 
transfer device to facilitate heat transfer. Air ?oW is caused 
by a bloWer, a fan, or natural convection cause by Wind or 
solar heating/expansion of air. 

[0045] By Way of eXample, FIG. 1 illustrates an embodi 
ment in Which the Working ?uid passage is a tube. The tube 
is attached to the phase change material’s containing sur 
face. About 50% of the outer tube circumference is in 
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contact With air and about 50% of the outer circumference 
is in contact With a phase change material. The phase change 
material may be either a continuous phase or an encapsu 
lated phase. Sheet metal is depicted in FIG. 1, by Way of 
example, as a means to contain the phase change material. 
The surface of the sheet metal extends beyond contact With 
the Working ?uid tube to include contact With air therein 
providing ef?cient heat transfer betWeen the air and the 
phase change material. 

[0046] Three-Way Heat Transfer Device 

[0047] The embodiment of FIG. 1 illustrates the use of 
tubes for ?oW of the Working ?uid. Here, tWo surfaces 
separate the Working ?uid from the phase change material. 
In these embodiments the tWo metal surfaces are at least in 
part in close contact so as to function as one thicker Wall 
having relatively high thermal conductivity. The ?rst illus 
tration of FIG. 1 illustrates the use of a tube next to a thin 
sheet of thermally conductive material such as aluminum 
foil. Subsequently, the foil contains and protects a phase 
change material that in the bulk is not ?uid. An example of 
a phase change material that in bulk is not ?uid is a polymer 
undergoing a glass transition at the temperature of interest. 
Another example of a phase change material that in bulk is 
not ?uid is a solid-liquid transition phase change material 
that is encapsulated in a polymer such as epoxy resin. The 
second illustration of FIG. 1 is a tube connected to a rigid 
sheet that is thermally conductive. An example of such a 
sheet is sheet metal. Here, the sheet serves three purposes: 
(1) it contains the phase change material and (2) it acts as a 
?n to increase the heat transfer area of the tube, and (3) it 
increases the surface available to absorb the radiant energy 
of sunlight or enthalpy of air. 

[0048] By Way of example, FIG. 2 illustrates an embodi 
ment in Which the Working ?uid passage is a conduit formed 
by tWo sheets. One sheet separates the Working ?uid from 
the air. Another sheet separates the Working ?uid from the 
phase change material. The tWo sheets are Welded, braZed, 
or otherWise continuously joined so as to form a passage for 
the Working ?uid. About 50% of the outer tube circumfer 
ence is in contact With air and about 50% of the outer 
circumference is in contact With a phase change material. 
Sheets extend to fully contain the phase change material and 
provide a heat transfer area betWeen the phase change 
material and surrounding air. Methods knoWn in the science 
can be used to identify the material and thickness of the 
sheet to provide both heat transfer and structure. Metals 
containing varying amounts of copper, iron, and Zinc are 
commonly used for similar applications requiring both ef? 
cient heat transfer and structure, but the embodiments of this 
invention are not limited to a particular material of con 
struction. 

[0049] FIGS. 3, 4 and 5 further illustrate examples of 
various embodiments of the invention. The example 
embodiment of FIG. 5 alloWs orientation to absorb solar 
radiation during the Winter months. The rectangular con 
?guration is represented by a length (L), Width (W), and 
thickness (T) as illustrated by FIG. 5. The preferred siZe of 
the device is such that the thickness is less than 20% of the 
length. More preferably, the thickness is less than 10% of the 
length. In a more absolute sense, the length is preferably 
betWeen 1 and 30 feet. More preferably, the length is 
betWeen 2 and 15 feet. Most preferably, the length is 
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betWeen 3 and 10 feet. As compared to conventional heat 
pump coils, conventional coils are typically arranged in a 
cylindrical or box pattern surrounding a fan. 

[0050] The back face of the cavity of FIGS. 3, 4, and 5 are 
primarily containing Walls that optionally exchange heat 
With air. The front face of the cavity is that face contains the 
integrated Working ?uid passage and in FIG. 5 is positioned 
to receive incidental sunlight. The Working ?uid is separated 
from the surrounding air by an air-side Wall. In this embodi 
ment, the Working ?uid ?oWs through a tube, or alterna 
tively, it ?oWs generally betWeen tWo plates. 

[0051] In the embodiment of FIG. 4, a corrugated plate 
separates the air from the Working ?uid, a second separation 
plate separates the Working ?uid from the phase change 
material, and a back plate contains the phase change mate 
rial. An enlarged cavity is optionally created by a perimeter 
around the cavity that increases the space betWeen the 
separation plate and back plate. The corrugated plate forces 
spaces betWeen the separation plate and the corrugated plate 
to alloW ?oW by the Working ?uid. Ports at the upper and 
loWer end of the corrugated plate alloW the Working ?uid to 
be introduced and removed. Optional ports in the phase 
change material cavity alloW the phase change material to be 
introduced or removed from the cavity. The plates are 
fastened by methods knoWn in the science to create a seal on 
the perimeters and to provide structural reinforcement as 
necessary along the large ?at surfaces. 

[0052] FIGS. 2 and 3 illustrate in greater detail the 
separation of the Working ?uid from air and from the phase 
change material. 

[0053] Methods knoWn in the art are used to con?gure the 
heat transfer ?uid passage so as to alloW evaporation or 
condensation consistent With proper heat pump operation, 
and to enhance the con?gurations to improve heat transfer 
With the air adjacent to the Working ?uid passage and 
adjacent to the surface that contains the phase change 
material. A conductive packing in the cavity increases heat 
transfer throughout the phase change material. 

[0054] The heat transfer embodiments may be used to 
transfer heat to/from outside air (for example, as an evapo 
rator for a heat pump) or to/from inside air (for example, as 
a condenser for a heat pump). It should be understood that 
the heat transfer embodiments are not limited to heat pumps. 
For example, the heat transfer embodiments may be used 
With air conditioners. 

[0055] Performance bene?ts in air conditioning can be 
achieved by using tWo evaporators, one containing a phase 
change material and one not containing a phase change 
material. FloW of Working ?uid to the heat transfer device 
(evaporator) may be controlled by a valve Where, in an 
example of an air conditioner evaporator, ?oW to the heat 
transfer device during the night time stores coolness in the 
phase change material While during the day time ?oW is 
diverted to a second evaporator that does not contain a phase 
change material. In this alternative embodiment, load shift 
ing is achieved by having return air contact that heat transfer 
device containing the phase change material prior to con 
tacting the heat transfer device that does not contain the 
phase change material. 

[0056] As previously indicated, the heat transfer device of 
this invention is designed to provide ef?cient heat transfer 



US 2003/0131623 A1 

between a) air and the Working ?uid of the heat pump, b) the 
phase change material and the Working ?uid of the heat 
pump, and c) air and the phase change material. In addition, 
the heat transfer must be controllable. Heat transfer With the 
Working ?uid is controlled by controlling the ?oW of Work 
ing ?uid to the heat transfer device. When Working ?uid ?oW 
stops (such as When the compressor is sWitched off), the 
Working ?uid Will approach the temperature of the air. 
Independent control of heat transfer betWeen the phase 
change material and air requires an auxiliary control means. 

[0057] The heat transfer device is generally designed such 
that When air ?oWs through the device, heat is readily 
transferred betWeen the Working ?uid and air, and When air 
does not ?oW through the device the phase change material 
is insulated from heat transfer betWeen the phase change 
material and air. Methods knoWn in the art incorporating 
baf?es and ducts to direct air ?oW and insulation to enclose 
the heat transfer device can generally be used to achieve 
these desired heat ?oW characteristics. Heat transfer 
betWeen surrounding air and the heat transfer device is thus 
controlled by controlling the air ?oW through the device. 

[0058] By Way of example, FIG. 6 illustrates an alterna 
tive embodiment for integrating a fan With the heat transfer 
device. FIG. 6 illustrates hoW the generally rectangular 
embodiment of FIG. 4 and FIG. 1 can be incorporated With 
a fan. The overall rectangular embodiment is comprised of 
a series of smaller rectangular embodiments With gaps 
betWeen the smaller rectangular embodiments to facilitate 
air ?oW. A fan pulls or pushes air through these gaps. 
Ducting of air betWeen the generally rectangular embodi 
ment and the fan is such to alloW good integration of the 
generally rectangular embodiment With its location. The 
embodiment of FIG. 6 illustrates this ducting Where the 
generally rectangular embodiment is oriented at a different 
angle than the surface Where it is mounted. The preferred 
method for manufacturing the embodiment of FIG. 6 is by 
reaction injection molding. When this embodiment is placed 
on the roof or Wall, the roof/Wall insulates one side. 

[0059] FIGS. 7 and 8 illustrate hoW the heat transfer 
device of FIG. 6 can be designed to receive solar radiation 
in the Winter While re?ecting aWay this radiation during the 
summer. 

[0060] 
[0061] By Way of example, FIG. 9 illustrates the preferred 
outside evaporator of a heat pump of this invention. Inter 
connected vertical panels contain the phase change material 
With the Working ?uid passages on one side of these panels. 
Air spaces betWeen the panels alloW upWard air ?oW. The 
four sides are comprised of insulate panels. Air enters the 
bottom and is forced through the system by a fan located at 
the top. When the fan is not operational, convective air ?oW 
largely ceases and the insulating side panels largely elimi 
nate heat transfer With the outside air. 

[0062] In the preferred outside unit illustrated by FIG. 9, 
the functionality of the housing is particularly important. In 
a heat pump using a PCM chemical to improve the e?iciency 
for heating a building, the heat pump includes a condenser 
that functionally releases thermal energy into a building, a 
compressor that compresses a Working ?uid, an evaporator 
that takes in thermal energy, a fan that directs air through the 
evaporator, and a housing that contains and connects said 
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evaporator and fan. The housing has an outer surface With a 
respective surface area. Preferably, at least 50% of the said 
housing surface area provides insulation resistant to heat 
?oW and also seals that surface against air ?oW. Preferably, 
a fan directs air through the said housing methods knoWn in 
design are incorporated in the design to minimiZe air ?oW 
With the fan is not on. Use of a shutter that blocks air from 
?oWing through the housing When the fan is not running is 
an example of one design option. This insulated housing 
serves the important purpose of preserving the stored heat in 
the PCM chemical until such time it is needed to provide 
heat to the building served by the heat pump. FIG. 9 
illustrates an embodiment With insulation on the sides and a 
fan on top. Air is preferable pulled in the top and forced out 
the bottom. A screen and other methods knoWn in the 
science are used to prevent plugging of the air path Ways 
through the evaporator. 

[0063] Whether the PCM panel of FIG. 4, 6, or 9, the 
preferred thickness of these panels are betWeen 0.25 and 5 
inches and more preferably betWeen 0.5 and 3 inches. Most 
preferably, the thickness is about 2 inches, Which provides 
an optimum betWeen storage capacity and good access for 
heat transfer. 

[0064] Within the scope of this invention, the use of phase 
change materials in the exterior component (outside house) 
of the heat pump is not limited to phase change materials 
based on fatty acid derivatives. Essentially any phase change 
material can be used in the preferred embodiment of FIG. 1. 
The preferred embodiment of FIG. 1. is in the structure of 
FIG. 4; however, the incorporation of phase change mate 
rials into the embodiment of FIG. 1 can be in a variety of 
larger geometries including but not limited to ?at surfaces, 
curved surfaces, or cylindrical surfaces. 

[0065] An alternative phase change material for use in the 
exterior component of a heat pump (the evaporator in the 
case of the heating cycle of the heat pump) is Water. The 
advantage of Water is that it can readily be melted during the 
Warm Winter days for use during the night. Since the 
economic viability of using the heat pump With a conven 
tional evaporator alternative to electrical or natural gas 
heating is typically favored until temperatures go beloW 
about 30° F. Water is a good, example phase change material 
for this application since it is a good heat storage media at 
32° F.—a loW temperature point Where the heat pump is 
favored over natural gas. Salts or antifreeZe can be added to 
the Water to create freeZing at temperatures loWer than 32° 
F, as desired. 

[0066] Proper use of convection heating created by the 
fan-induced air ?oW over the evaporator is important. The 
value of Water is realiZed When the highest temperature of 
the day is above 32° F. While the loWest temperature of the 
day is beloW 32° F. When temperatures are beloW 32° F, the 
outside convection fan is not used in favor of conducting 
heat from Water(the phase change material in the evaporator) 
that can freeZe therein releasing its latent heat. During that 
part of the day When the outside temperature is above 32° F. 
(more preferably above 33° F), the outside fan is turned on 
until such time that the temperature of Water is above 32° F. 
as an indication that the Water has melted. 

[0067] Smart Fan Embodiment 

[0068] When used for residential heating, the preferred 
means for controlling fan operation in the evaporator of the 
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heat pump is to operate the fan When the exterior air 
temperature is Warmer than the evaporator coil by an incre 
mental temperature difference. This incremental temperature 
difference is preferably betWeen 1° F. and 5° F. During those 
days When the heat pump is not used for heating, control of 
the fan to store energy in the phase change material is not 
required. This mode of operating the fan of an outside 
evaporator unit based on the outside temperature being 
Warmer than the evaporator coils is hereafter referred to as 
a “Smart Fan” method of operation. 

[0069] The advantage of operating a heat pump in this 
manner is that the heat pump can operate a nighttime With 
ef?ciencies similar to those realiZed during the Warmer 
daytime hours. An additional advantage of operating a heat 
pump in this manner is that the phase change material 
moderates the temperature extremes that otherWise occur in 
the heat pump. For example, a heat pump Will readily 
generate evaporator temperatures 5° F. to 20° F. loWer than 
ambient temperatures to cause the ?oW of heat from the 
surroundings into the Working ?uid of the heat pump. By 
example, if the outside temperature is 20° F., this translates 
to a Working ?uid temperature of about 10° F. The good 
thermal conductivity of the phase change material reduces 
the temperature driving force and stores energy creating a 
Working ?uid temperature of about 29° F. for the same 
outside conditions. The higher Working ?uid temperature 
provides the folloWing advantages: a) higher heat pump 
ef?ciency, b) high outlet air temperatures in the house, and 
c) reduced or eliminated icing of the exterior evaporator. All 
of these advantages are most signi?cant. By reducing or 
eliminating icing, the heat pump Will alloW operation at even 
loWer temperatures than Would otherWise be possible. 
Reducing or eliminating icing is realiZed at all subfreeZing 
outside temperatures since icing is caused by the tempera 
ture difference betWeen the evaporator coils and the outside 
air temperature—this temperature difference is reduced by 
the heat capacity of the phase change material provided the 
heat pump is only operated intermittently (as is usually the 
case). 
[0070] Phase change materials used With heat pump 
evaporators are preferably Water or mixtures containing 
Water. In general and for either heating or cooling applica 
tions, the phase change material preferably has substantial 
latent heat capabilities betWeen 20° F. and 100° F. The 
optimal phase change material Will depend upon location. 

[0071] In the most preferred residential heating embodi 
ments, convection heating of the exterior coils is supple 
mented With solar heating. As previously described, solar 
heating can be on a ?at evaporator embodiment. Alterna 
tively, air can be heated by the solar heating embodiment 
(such as SOLARWALL) and directed over the exterior 
component of the heat pump. AlloWing solar heating ele 
ments to function independent of the heat pump has the 
operational advantage of alloWing the solar heating element 
to directly heat the house When the outside temperatures are 
Warm enough, and then, using the solar heating element to 
enhance heat pump performance When outside temperatures 
are too cool to directly use the solar heating element to 
directly Warm the house. 

[0072] Preferably, the solar heating embodiment is on the 
roof With air ?oW under the upper, hot surface. Preferably, 
the solar heating embodiment provides both heated air and 
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roo?ng therein avoiding shingling costs. Preferably, in the 
summer Water is sprayed on the roof, preferably in an 
automated manner With methods knoWn in the science, so 
that the large heat transfer surface provides a cooling heat 
transfer during summer nights. Drainage should be periodi 
cally complete to avoid microscopic groWth. Preferably, the 
air cooled under the heat transfer surface is draWn from a 
source that is not itself laden With moisture. The cooled air 
could be directed for ventilation or contacted With Water for 
further cooling and used to cool the exterior air conditioning 
coils. 

[0073] The embodiments of FIGS. 5, 7, and 8 are 
designed to selectively receive solar radiation during Winter 
months. When in position, the large face of the rectangular 
con?guration is preferably oriented such that the top edge of 
the plane is level. The end of the plane is at an angle from 
vertical such that the sunlight hits the plane at a perpen 
dicular angle at a time during that half of the year When 
heating is required. For areas like Arkansas Where the 
heating season is short, it is preferred to have the sunlight hit 
the plane at a vertical angle during the longest day of the 
year. Further north, it is too ambitious to pursue heat pump 
use during the shortest day of the year, and so, the angle is 
such that sun light hits the plane at a vertical angle at 1 to 
2 months prior (and accordingly after) the shortest day of the 
year. 

[0074] The advantage of this con?guration is that solar 
energy is used to improve the ef?ciency of the heat pump. 
This advantage is realiZed in the Wintertime; hoWever, in the 
summer the incidental angle of the sun is such that it does 
not induce much radiation onto the surface and reduce the 
cooling efficiency of the heat pump. 

[0075] It should be understood that the embodiments of 
the present invention may essentially be of any geometry 
that generally ?ts in the space of the rectangular plane 
described herein. 

[0076] To further reduce incidental radiation during the 
summer, shields are preferably attached to the rectangular 
embodiment such that sunlight largely does not hit the shield 
(see FIG. 7) during the season When the heat pump provides 
heating. During the heating season, the face of the rectangle 
is largely perpendicular to the incidental radiation. As the 
year progresses to summer, the greater the incidental sun 
light angle is from vertical. The shield is designed such that 
during the air conditioning season the sunlight hits the shield 
(rather than the face of the rectangle) and is preferably 
re?ected aWay from the plane. During the hottest three 
months of the year, essentially no light hits the tubing or 
interconnected metal for heat transfer—essentially all sun 
light being re?ected aWay from the tubing (see FIG. 8). The 
preferred shield consists of one or more surfaces that are 
generally perpendicular to the plane of ?nned coils. More 
speci?cally, the shield is a series corrugated surfaces such as 
that illustrated by the insert of FIG. 8. 

[0077] The preferred location for the ?at rectangular 
embodiment of this invention is on a roof With exposure to 
the Winter sun. Operating as a solar energy receiver, fan 
convection is not necessary With the solar energy received is 
greater than or equal to the energy taken from the evaporator 
to heat the building. Operation Without a fan is preferred. In 
such an application, no exterior fan is used to force air over 
the coil and the heat pump operation is regulated to provide 
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a lower, steady heat ?oW rather than typical operation Where 
the heat pump runs at full capacity for several minutes and 
then shuts off for several minutes. During the summer, 
nighttime operation, radiant heat losses Will at times be 
sufficient to alleviate the need for fan use. Preferably, in the 
summer a spray of Water on the face of the condenser Will 
reduce the need for fan use. Reducing fan use saves on 
electricity and reduces noise. 

[0078] Referring to FIG. 6, optionally, to assist air?oW 
through the coil, a fan under the coil pulls air doWn and into 
the coil. Ducting surrounds the bottom surface of the ?at coil 
embodiment and directs air ?oW to the fan—forcing essen 
tially all air that ?oW through the coils to also go through the 
fanning area. 

[0079] Preferably, the fan is reversible. When providing 
heat to the house, the fan pulls air doWn through the coils. 
When providing cooling, the fan pushes air up through the 
coils. Glass or other transparent material is optionally placed 
above the coil to trap in heat during the Winter—in this 
embodiment air preferably ?oWs in under the glass and 
above the soil plane at the loWest part of the glass surface. 
The preferred color of the coil ?ns is black. The preferred 
color of the shields is any re?ective metallic color. 

[0080] Optionally, Water is sprayed in the air during cool 
ing months (summer) such that the Water miXes With air 
prior to contacting the coil. This provides evaporative cool 
ing and loWers the coil temperature more than Would oth 
erWise be achievable. 

[0081] Alternative to positioning on a roof, the rectangular 
embodiment is at ground level With a Southern eXposure (for 
use in the Northern hemisphere). Alternatively, the rectan 
gular embodiment is set With the face at a near-vertical 
orientation neXt to a building’s siding or in place of the 
building’s siding. 
[0082] The preferred use of the coil of this embodiment is 
With a heat pump. The heat pump preferably can operate at 
different condenser/evaporator pressures so as to increase 
the COP values When the ambient temperatures are similar 
to inside set point temperatures. With solar heating of the 
coil during the heating season, the coil Will at times reach 
temperatures several degrees Warmer than inside tempera 
tures (Likewise, With evaporative cooling the coil tempera 
ture Will often be cooler than set point temperatures during 
the cooling season.). In these instances, heating (cooling) 
can be achieved by merely circulating the heat pump ?uid. 
The preferred mode of operation under these circumstances 
is to circulate the cooling ?uid With the least energy 
intensive means available to the system When such circula 
tion alone provides suf?cient heating (cooling). 
[0083] The preferred method to circulate the heat pump 
?uid When circulation alone is suf?cient is to open or bypass 
all throttling devices in the cycle by methods knoWn in the 
science including but not limited to opening a throttling 
valve or by-passing a throttling valve through a parallel tube 
that is activated by opening a solenoid valve. Circulation can 
be induced by compressing the heat pump ?uid at the 
minimum pressure ratio that Will alloW circulation. Alterna 
tively, the compressor can be by-passed by methods knoWn 
in the science With pump being used to move liquid at a 
location parallel to the throttle. 

[0084] The rectangular condenser/evaporator embodiment 
may function With or Without signi?cant heat storage capac 
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ity. When designed Without signi?cant heat storage capacity, 
heat transfer ?ns are preferably attached to the tubing as is 
conventional in air conditioner coils. In such embodiments, 
the ?ns surface is preferably perpendicular to the face of the 
rectangular embodiment in an arrangement knoWn in the 
science such that gravity Would assist the ?oW of condensed 
liquids to the bottom of the embodiment. 

[0085] FIG. 10 illustrates hoW a heat pump system can be 
integrated into a sheet of plyWood for prefabrication. The 
prefabrication reduces installation costs. Integration the out 
side unit on the Wall further reduces installation costs and 
speci?cally eliminates the cost of the concrete slab Where 
the outside unit is typically mounted. 

[0086] Alternative Embodiments and Chemicals 

[0087] While in the preferred embodiment, 10% to 90% of 
the outside of the surface contacts a gas comprised primarily 
of air, and 10% to 90% of the outside of this surface contacts 
a phase change material; an alternative embodiment has the 
tube containing the Working ?uid (typically a refrigerant) 
substantially enclosed in the phase change material con 
tainer. 

[0088] By Way of eXample, the Working ?uid could be in 
a 0.25 inch tube that is located in a 4 inch pipe containing 
the phase change material. The 0.25 inch tube is substan 
tially in the 4 inch pipe; hoWever, it is outside the pipe at 
locations adjacent to Where it enters/exits the pipe and is 
manifolded by methods commonly used in evaporator/con 
denser design. 

[0089] In this alternative embodiment and speci?cally in 
the heat pump mode, the 0.25 inch tube and phase change 
material (PCM) alone reach temperatures loWer that the 
temperature at the PCM container to air interface. This is 
important since the loW temperatures at the air interface can 
induce condensation and freeZing that requires an energy 
intensive thaWing cycle. By operating the fan to Warm the 
PCM essentially continuously during the Warm part of the 
day, the container-air interface Will not reach temperatures 
as loW as those reached in the PCM and the cycle Will be 
more ef?cient and require loWer maintenance. 

[0090] The preferred PCM for the outside, evaporator coil 
of the heat pump is a Water-salt miXture that freeZes betWeen 
about —8° C. and 0° C. More preferred, the salt-Water 
mixture freeZes betWeen about —6° C. and —2° C. Several 
salts and Water-salt compositions that are capable of oper 
ating at these conditions are summariZed in Lang’s Hand 
book of Chemistry. 

[0091] For summer operation as an air conditioner, it is 
preferred to have the PCM in the outside condenser to be a 
material having a melting point betWeen 80° F. and 100° F. 
It is preferred to spray Water over the cooler during the 
nighttime hours to cool and freeZe the PCM for use as a cool 
temperature reservoir during the daytime. Devices could be 
made With both types of PCM materials(type for use With 
cooling and type for use With heating) present or Where the 
PCM can be changed tWice a year. 

[0092] Thin Container/Pouch Design 

[0093] It is highly desirable to reduce the resistance to air 
?oW and travel path of air in the outside evaporator unit 
during heating and the outside condenser unit during cool 
ing. 






















