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AIR CONDITIONING WITH AUXILIARY
THERMAL STORAGE

FIELD

[0001] This invention relates to air conditioners, and more
particularly, to a thermal storage air conditioner 1n which a
cold heat 1s produced and stored in a thermal storage device
and later used for cooling a room or refrigerator, etc.

BACKGROUND

[0002] Aiar conditioming systems have been in place for
many vears. Typically, such systems comprise an outdoor
heat exchanger that includes a compressor and evaporator, an
expansion device, and an indoor heat exchanger where cooled
refrigerant (e.g. liquetfied refrigerant) changes phase to a gas,
extracting heat from the air within the structure to make such
a phase change.

[0003] In general, when the temperature within an air con-
ditioned area reaches a predetermined temperature such as a
setting on a thermostat, the compressor and air handler ener-
gize to cool the air conditioned area, until the temperature
within the air conditioned area reaches another predeter-
mined temperature, typically a few degrees below that set by
the thermostat. In this way, an amount of hysteresis 1s pro-
vided to reduce start/stop cycles of the compressor and air
handler, providing improved eliliciency, operating life, and
user experience.

[0004] Although there are many factors that affect eifi-
ciency and cost of operation, a few factors are considered here
within. One factor that affects cost 1s the overall cost of
clectricity used 1n operating the compressor and air handler.
These devices are motor-driven and typically consume many
kilowatt hours per day. In some parts of the world, electricity
prices are tiered, i that, during business hours (e.g. when
businesses consume the most energy), the electricity rates are
higher than during the hours that many businesses are closed
and most people are sleeping. This presents an advantage 1n
operating the air conditioning during these oif-peak hours,
but unfortunately, with conventional air conditioning sys-
tems, this would result 1n the air conditioned areas becoming,
too cold.

[0005] Another factor that needs consideration 1s tempera-
ture differential between the area being air conditioned and
the outside ambient air. For example, when cooling an air
conditioned area, the higher the ambient air temperature, the
more the compressor needs to work to compress the refriger-
ant, and therefore, the more energy consumption. Generally,
at night, the ambient air temperature cools, but the same
situation occurs as above, 1n that, 1t 1s not practical to reduce
the temperature 1n the air conditioned area beyond a certain
low temperature.

[0006] Being that the compressor usually consumes a
major portion of the overall electricity budget and the com-
pressor will operate more efficiently when outside ambient air
1s lowest, there are many advantages to operating the com-
pressor during oif-peak hours, but to do so, an efficient way to
store the cold heat 1s needed that does not require the com-
pressor to run during peak (warmer) hours.

[0007] Prior systems utilizing thermal storage required the
compressor operate to access the cold heat stored 1n the ther-
mal storage. Further, such systems generally store cold heat
(e.g. extract heat) 1n a fluid by decreasing the temperature of
the fluid which has limited efficiency.
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[0008] Whatis needed 1s a system that will efficiently store
cold heat and retrieve the cold heat when conditions indicate
a need to do such.

SUMMARY

[0009] In one embodiment, an air conditioning system 1s
disclosed 1including a compressor and an outside air handler
that 1s 1n fluid communications with the compressor. A ther-
mal storage has a set of heat transfer tubes, a first end of which
are 1n fluid communications with the outside air handler
through a high pressure line and a second end which are in
fluid communications with the compressor through a suction
line. An 1nside air handler for cooling a structure has an 1input
that 1s 1n fluidd communications with the outside air handler
through the high pressure line and an output that 1s 1 fluid
communications with the compressor through the suction
line. A tfluid pump has an input and an output; the mnput being
in fluid communications with the first end of each of the heat
transier tubes and the output being in fluid communications
with the input of the mside air handler. When the compressor
runs, a refrigerant 1s compressed into a liquid, cooled by the
outside air handler and flows through the high pressure line
into the heat transier tubes where the refrigerant cools a
material within the thermal storage and, 1n parallel, flows nto
the inside air handler where the reifrigerant evaporates,
extracting heat from air from within the structure to be cooled,
and the refrigerant 1n gaseous form returns to the compressor
through the suction line. In a first mode of operation, when
cooling 1s needed, the pump operates and circulates the refrig-
erant in liquid form from the first end of the heat transier tubes
into the inside air handler through the high pressure line
where the refrigerant extracts heat as 1t evaporates 1nto a gas
and the refrigerant in gaseous form returns to the thermal
storage through the suction line where the refrigerant con-
denses back into a cold liquid. In a second mode of operation,
when cooling 1s needed, the compressor operates and circu-
lates the refrigerant 1n liquid form from the outside air handler
and into the 1nside air handler through the high pressure line
where the refrigerant extracts heat as 1t evaporates mnto a gas
and the refrigerant in the gaseous form tlows to the compres-
sor through the suction line where the refrigerant 1s com-
pressed and cooled back 1nto a cold liquid.

[0010] In another embodiment, a method of cooling 1s dis-
closed including cooling and compressing a refrigerant into a
liquid state using a compressor and outside air handler then
flowing the refrigerant 1n the liquid state through heat transfer
tubes that are situated within a thermal storage, the thermal
storage at least partially filled with a matenal, where the
refrigerant extracts heat from the material as the refrigerant
changes state from the liquid 1into a gas and the refrigerant 1n
gaseous form returns to the compressor. Also flowing the
refrigerant 1n the liquid state 1nto an 1nside air handler where
the refrnigerant 1n liquid form extracts heat from air flowing
through the 1nside air handler as the refrigerant changes into
a gaseous state, which then flows back to the compressor
where the compressor and outside air handler condenses the
refrigerant back into the liquid state.

[0011] In another embodiment, an air conditioning system
1s disclosed including a compressor having an mput 1n fluid
communications with a suction line and also having an out-
put. An outside air handler has an mput that 1s 1n fluid com-
munications with the output of the compressor and has an
output that 1s 1 fluid communications with a high pressure
line. A thermal storage enclosed in a thermally insulated
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housing has heat transier tubes that are at least partially within
a material (e.g., submerged). A first end of the heat transfer
tubes are in tluid communications with the high pressure line
and a second end of the heat transter tubes are 1n fluid com-
munications with the suction line. An inside air handler has an
input that 1s 1n flud communications with the high pressure
line and has an output that 1s 1n fluid communications with the
suction line. An mnput of a fluid pump 1s 1n fluid communica-
tions with the first end of the heat transier tubes and an output
of the fluid pump 1s 1n fluid communications with the high
pressure line. When the compressor runs, a refrigerant 1s
compressed 1nto a liquid, cooled by the outside air handler
and tlows 1nto the first end of the heat transfer tubes where the
reirigerant evaporates, extracting heat from the material
within the thermal storage and the evaporated refrigerant
returns to the compressor through the suction line. In parallel,
the refrigerant 1n liquid form flows into the inside air handler
where the refrigerant evaporates, extracting heat from air and
the evaporated refrigerant returns to the compressor through
the suction line. In a first mode of operation, when cooling 1s
needed, the pump operates and circulates a refrigerant in
liquid form from the second end of the heat transfer tubes into
the 1nside air handler where the refrigerant extracts heat as it
evaporates mto a gaseous form and the refrigerant in the
gaseous form returns to the second end of the heat transfer
tubes within the thermal storage where the refrigerant con-
denses back into a cold liquid within the heat transfer tubes.

[0012] In another embodiment, an air conditioning system
1s disclosed including a compressor and an outside air handler
that 1s 1n fluild communications with the compressor. The
system includes a thermal storage having a first set of heat
transier tubes and a second set of heat transfer tubes. A first
end of the first set of heat transfer tubes are in fluid commu-
nications with the outside air handler and a second end of the
first set of heat transfer tubes are 1n fllud communications
with the compressor. An inside air handler has an input and an
output and a fluid pump having an input and an output. The
input of the pump 1s 1n fluid communications with a second
end of the second set of heat transter tubes and the output of
the pump 1s 1n fluidd communications with the mput of the
inside air handler. The output of the inside air handler 1s 1n
fluid communications with a first end of the second set of heat
transier tubes. When the compressor runs, a first refrigerant 1s
compressed 1nto a liquid, cooled by the outside air handler
and flows 1nto the first set of heat transfer tubes where the first
refrigerant evaporates, extracting heat from a material within
the thermal storage and the evaporated refrigerant returns to
the compressor. When cooling 1s needed, the pump operates
and circulates a second refrigerant in liquid form from the
second end of the second set of heat transier tubes nto the
inside air handler where the refrigerant extracts heat as 1t
evaporates mto a gas and the refrigerant in gaseous form
returns to the thermal storage where the refrigerant condenses
back ito a cold liqud.

[0013] In another embodiment, a method of cooling 1s dis-
closed including cooling and compressing a first refrigerant
into a liquid state using a compressor and outside air handler,
then flowing of the first refrigerant in the liquid state through
a first set of heat transfer tubes that are situated within a
thermal storage. The thermal storage is at least partially filled
with a material (e.g., antifreeze and water solution). The first
refrigerant extracts heat from the material as the first refrig-
erant changes state from the liquid 1nto a gas and then the first
refrigerant 1n gaseous form returns to the compressor. A sec-
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ond refrigerant flows from a second set of heat transfer tubes
that are also situated within the thermal storage. The second
refrigerant tflows 1nto an 1nside air handler where the refrig-
erant 1n liquid form extracts heat from air flowing through the
inside air handler as the second refrigerant changes into a
gaseous state. The second refrigerant 1in the gaseous state then
flows back to the second set of heat transfer tubes where
temperatures within the thermal storage condense the second
refrigerant back into the liquid state.

[0014] In another embodiment, air conditioning system 1s
disclosed including a compressor having an input and an
output and an outside air handler. An input of the outside air
handler 1s 1 fluid communications with the output of the
compressor. A thermal storage that 1s enclosed in a thermally
insulated housing has a first set of heat transier tubes and a
second set of heat transfer tubes that are at least partially
within a material (e.g. at least partially submerged within a
material such as a solution of antifreeze and water). A firstend
ol the first set of heat transter tubes are in fluid communica-
tions with the output of the outside air handler and a second
end of the first set of heat transfer tubes 1n tluid communica-
tions with the compressor. The system includes an nside air
handler having an input and an output and a fluid pump also
having an input and an output. The mmput of the pump 1s 1n
fluid communications with a second end of the second set of
heat transier tubes, the output of the pump 1s 1n fluid commu-
nications with the mput of the inside air handler, and the
output of the mside air handler 1s 1 fluid communications
with a first end of the second set of heat transter tubes. When
the compressor runs, a first refrigerant 1s compressed nto a
liquid, cooled by the outside air handler and flows 1nto the first
set of heat transfer tubes where the first refrigerant evapo-
rates, extracting heat from the material within the thermal
storage and the evaporated refrigerant returns to the compres-
sor. When cooling 1s needed, the pump operates and circulates
a second refrigerant 1n liquid form from the second end of the
second set of heat transier tubes into the mside air handler
where the refrigerant extracts heat as 1t evaporates mnto a gas
and the refrigerant in gaseous form returns to the thermal
storage where the refrigerant condenses back mnto a cold
liquid within the second set of heat transier tubes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The mvention can be best understood by those hav-
ing ordinary skill 1n the art by reference to the following
detailed description when considered in conjunction with the
accompanying drawings in which:

[0016] FIG. 1 1illustrates a perspective view of a first in-line
air conditioning system with 1n-line thermal storage.

[0017] FIG. 1A 1llustrates a perspective view of a second
in-line air conditioning system with in-line thermal storage.

[0018] FIG. 2 illustrates a perspective view of an air con-
ditioning system with auxiliary thermal storage.

[0019] FIG. 3 1llustrates a perspective view of the internals
of the auxiliary thermal storage.

[0020] FIG. 4 1illustrates a perspective view of the internals
of the in-line thermal storage.

[0021] FIG. 5 illustrates a perspective partially open view
of the auxiliary thermal storage.

[0022] FIG. 6 illustrates a perspective partially open view
of the in-line thermal storage.

[0023] FIG. 71illustrates a schematic view of the first in-line
air conditioning system with 1n-line thermal storage.
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[0024] FIG. 7A 1llustrates a perspective view of the second
in-line air conditioning system with in-line thermal storage.

[0025] FIG. 8 i1llustrates a schematic view of the air condi-
tioming system with auxiliary thermal storage.

[0026] FIG. 9 1llustrates a schematic view of an exemplary
processing device as used 1 conjunction with the air condi-
tiomng system with thermal storage.

[0027] FIG. 10 illustrates a flow chart of an exemplary
soltware system running on processing device as used 1n
conjunction with the air conditioning system with thermal
storage.

[0028] FIG. 11 illustrates a perspective view of an exem-
plary thermal fin design.

DETAILED DESCRIPTION

[0029] Reference will now be made in detail to the pres-
ently preferred embodiments of the mvention, examples of
which are illustrated 1n the accompanying drawings.
Throughout the following detailed description, the same ret-
erence numerals refer to the same elements 1n all figures.

[0030] Note that throughout this description, an air condi-
tionming system 1s described. In such, an air conditioning sys-
tem 1s any system that conditions air with a temperature
change, either making the air cooler (traditional) or warmer
(reversed system). There 1s no limitation on the location of the
air being conditioned such as within a building or room,
within a chiller or “refrigerator,” within a passenger compart-
ment of a vehicle, within a cargo section of a tractor trailer or
train, etc.

[0031] The system described provides air conditioning 1n
any such scenario with the added benefit of performing extra
work (e.g. drawing extra energy or electricity) during certain
time periods to reduce the amount of work (e.g. drawing less
energy or electricity) during other time periods. This 1s very
uselul 1n locations that have tiered energy costs (e.g., lower
costs during evening hours), but also 1s very useful 1n loca-
tions that have constant energy costs but potentially wide
outside ambient air temperatures (and/or humidity). For
example, even 1n a location with constant energy costs, 1t 1s
advantageous to operate the high energy consumption com-
ponent (e.g. compressor) during the evening hours when the
outside temperature 1s the coldest and then saving the cool
heat 1n a storage cell for use during the daytime hours when
the outside temperature 1s the warmest which requires more
energy by the compressor to cool the target area. Likewise, 1n
a vehicle, there are times when energy (e.g. from the fossil-
tuel engine) 1s wasted such as while waiting for a traffic light,
while there are times when very little surplus energy 1s avail-
able for cooling such as while accelerating or climbing a haill.
There are many advantages 1n storing cool heat (e.g. running
the compressor) while 1dling and utilizing the stored cool heat
(without running the compressor) when other demands are
made upon the vehicle’s engine.

[0032] Although the air conditioning system describe is
shown with an outside air handler 70 (see FIGS. 1-3), any
known condensing system 1s anticipated including, for
example, water-based in which water is circulated over the
fins to cool the refrigerant (instead of air), or heat-pump
systems which rely on the temperatures beneath the surface to
cool the refrigerant.

[0033] Referring to FIGS. 1 and 1A, perspective views of
an in-line air conditioning system 10 with thermal storage
120 1s shown. Many of the components of the in-line air
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conditioning system 10 are similar to components of a con-
ventional air conditioning system, but are used 1n a different
manner.

[0034] In the in-line air conditioning system 10 with ther-
mal storage 120, the thermal storage 120 has two banks of
thermal fins 84a/84b (see FIGS. 4 and 6) having heat transier
tubes 82a/82b for transterring cold heat to/from a refrigerant
there within. A first set of the heat transier tubes 82q transier
refrigerant to/from the compressor(s) 40 and a second set of
heat transier tubes 825 transier refrigerant to/from the mside
air handler 70. In this way, two independent types and chem-
istries ol refrigerant are allowed, though 1n some embodi-
ments, the refrigerant tlowing through the first set of heat
transier tubes 82a 1s the same refrigerant tlowing through the
second set of heat transter tubes 825.

[0035] Thein-line air conditioning system 10 includes ther-
mal storage 120 that will be turther described with FIGS. 4
and 6. The in-line air conditioning system 10 includes one or
more typical compressors 40 (two are shown as an example),
typically driven by an electric motor for home and office, but
there 1s no limitation to the type of compressor(s) 40 and the
way the compressor(s) 40 i1s/are driven (e.g., by a gasoline
engine). The compressor(s) 40 have a low pressure suction
line (vapor inlet line) 25 through which warm, gaseous refrig-
erant 1s recerved from the thermal storage 120. The compres-
sors 40 then compress this gaseous refrigerant into a liquid
state at a high pressure which 1s then passed through the
outside air heat exchanger 50 where the liquid refrigerant 1s
cooled by a flow of outside air over a series of fins (not
shown), as known 1n the industry. The now cold, liquid retrig-
crant, under pressure, flows through the high pressure line 24
to the thermal storage 120. As the cold, liquid refrigerant
flows through the first set of the heat transier tubes 82a within
the thermal storage 120, the refrigerant changes state from a
liquid to a gas (evaporates), extracting heat (thermal energy)
from the material 90 within the thermal storage 120, lowering
the temperature of the material 90. At a certain temperature
(freezing point of the material 90 based upon the physical
properties of the material 90), the material 90 changes phase
from a liquid to a solid. This phase change requires cooling
energy above that needed to simply lower the temperature of
the material 90, and therefore, stores that additional energy
until the now solid material 90 warms above a certain tem-
perature (melting point based upon the physical properties of
the material 90). For completeness, an optional thermal
expansion valve 21 1s shown

[0036] Note that many typical components of a traditional
air conditioning compressor 40 and outside air exchanger 50
such as reversing valves, thermal expansion devices, check
valves, fans/motors to flow air over the fins, fins, etc., are not
shown for clarity purposes as they are well known 1n the art.

[0037] An inside air handler 70 (coils, fins, motors not
shown for clarity reasons) 1s located 1n the structure to be
cooled such as 1n a living space, freezer compartment, refrig-
erator, vehicle passenger compartment, etc. The inside air
handler 70 1s similar or the same as such known 1n the indus-
try.

[0038] In the example of FIG. 1, the compressor 40 1is
operated at a time desired (e.g. when electricity rates are
lower) until the material 90 within the thermal storage 120
achieves the desired temperature. While the compressor 40
runs, cold firstrefrigerant from the compressor 40 and outside
air handler 50 tlows through the first set of heat transier tubes
82a within the thermal storage 120 and cools and/or freezes
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the material 90 within the thermal storage 120. Once the
desired temperature of the material 90 within the thermal
storage 120 1s achueved, the compressor 40 1s stopped, requir-
ing little or no further power.

[0039] Now, as the second refrigerant 1n gaseous form
enters the thermal storage 120, the second refrigerant contacts
the cold second set of heat transfer tubes 825 and condenses
into a liquid. The condensed, cold liquefied second refriger-
ant tlows through tubes 22 1nto a storage tank 60 (preferably
insulated storage tank 60 or a Liquid Relfrigerant Recerver 60
as known 1n the industry). As any of the second refrigerants
within the storage tank 60 evaporate, the gaseous second
reirigerant flows through another tube 26 into the thermal
storage 120 where 1s 1t then condensed as described above.

[0040] The liquefied second refrigerant within the storage
tank 60 1s 1n fluid communications with a pump 34 through a
tube 30. When cooling 1s required within the structure as
determined by, for example, a thermostat or other temperature
sensing device, the condensed, liquefied second refrigerant
from the storage tank 60 1s pumped 1nto the mnside air handler
70 through a high pressure line 74 and optionally, a thermal
expansion valve 73. The inside air handler 70 receives the
cooled, liquid second refrigerant through the second high-
pressure line 74 and the liquid second refrigerant evaporates
(changes state to a gas refrigerant) within the coils of the
inside air handler 70, extracting heat from air flowing through
the mside air handler 70. The now gaseous second refrigerant
exi1ts the inside air handler 70 through a second suction line 72
and returns to the storage tank 60, and eventually to the
thermal storage 120 where 1t 1s again cooled and liquefied.

[0041] As the temperature of the material 90 within the
thermal storage 120 rises, determinations are made as to
whether the compressor 40 should be run. For example, 1f the
outside air temperature 1s at an i1deal temperature or 11 elec-
tricity rates are low, the compressor 1s run to cool the material
90 to the desired temperature. If the conditions are not right
(e.g. electricity rates are high or outside air temperatures are
not 1deal), running of the compressor 40 1s suppressed until
cooling 1s no longer possible with the remaining cold heat
energy stored in the thermal storage 120.

[0042] In the example of FIG. 1A, the compressor 40 1s
operated as 1n FIG. 1, at a time desired (e.g. when electricity
rates are lower) until the material 90 within the thermal stor-
age 120 achieves the desired temperature. While the compres-
sor 40 runs, a first refrigerant (cold) from the compressor 40
and outside air handler 50 flows through the first set of heat
transier tubes 82a within the thermal storage 120 and cools
and/or freezes the material 90 within the thermal storage 120.
Once the desired temperature of the maternial 90 within the
thermal storage 120 1s achieved, the compressor 40 1s
stopped, requiring little or no further power.

[0043] Now, as the second refrigerant i gaseous form
enters the thermal storage 120, the second refrigerant contacts
the cold second set of heat transfer tubes 825 and condenses
into a liquid form of the second refrigerant.

[0044] When cooling 1s required within the structure as
determined by, for example, a thermostat or other temperature
sensing device, the condensed, liquefied second refrigerant
from the thermal storage 120 1s pumped 1nto the inside air
handler 70 through a high pressure line 74 and optionally. The
inside air handler 70 receives the cooled, liquid second refrig-
erant through the second high-pressure line 74 and the liquid
second refrigerant evaporates (changes state to a gas refrig-
erant) within the coils of the 1nside air handler 70, extracting
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heat from air flowing through the inside air handler 70 to
provide cool air within the structure (e.g., home, office, relrig-
erator). The now gaseous second refrigerant exits the mnside
air handler 70 through a second suction line 72 and returns to
the thermal storage 120 where 1t 1s again cooled and liquetied.

[0045] Again, as the temperature of the material 90 within
the thermal storage 120 rises, determinations are made as to
whether the compressor 40 should be run. For example, 11 the
outside air temperature 1s at an 1deal temperature or if elec-
tricity rates are low, the compressor 1s run to cool the material
90 to the desired temperature. If the conditions are not right
(e.g. electricity rates are high or outside air temperatures are
not 1deal), running of the compressor 40 1s suppressed until
cooling 1s no longer possible with the remaining cold heat
energy stored 1n the thermal storage 120. For example, when
outdoor temperatures are 23 F or below, the condenser 40 and
tans will operate, cooling the material 90 to, for example, the
freezing point of the material 90. During this time, the pump
34 will operate as needed to maintain the desired temperature
within the structure. Any surplus cooling due to lower ambi-
ent outside temperatures will be stored 1n the thermal storage
120. As the outside temperature increases above 23 F, the
system will favor extracting cold heat from the thermal stor-
age 120 by operating only the pump 34 until the temperature
within the thermal storage 120 increases to a point at which
the compressor(s) 40 need be operated.

[0046] Inapreferred embodiment, the liquid pump 34 1s an
LPA (Liquid Pressure Amplification) pump 34. Although a
single thermal storage 120 1s shown i1n FIGS. 1 and 1A,
smaller, larger, serial and/or parallel thermal storage 120 are
anticipated.

[0047] In some embodiments, the material 90 within the
thermal storage 1s a chemical-based antifreeze material such
as ethylene glycol or a mixture of such antifreeze and water
for achieving the desired phase change temperature (e.g.,
freezing point). In some embodiments, the material 90 1s
made of anon-global warming fluid that 1s processed from the
vegetable beetroot. There 1s no limitation to the material 90.
By varying the antifreeze concentration level of the material
90, the antifreeze ecutectic freezing temperature i1s set as
desired. For example, a higher eutectic freezing temperature
1s used 1n air conditioning for chilling in the range of 25 F to
30 F, while a medium eutectic freezing temperature 1s used 1n
air conditioning for chilling in refrigerators in the range of 15
to 20 F as needed for fresh meats, dairy products, and a low
cutectic freezing temperature 1s used 1n air conditioning for
chulling 1n refrigerators in the range of 35 F to —18 E, typically
in freezers for frozen meats, fish, poultry, etc.

[0048] It 1s fully anticipated that the first refrigerant be the
same or different to the second refrigerant and either refrig-
crant 1s any know refrigerant in the industry. As a first
example, the first refrigerant 1s Co2 fluid (R-744) and the
second refrigerant 1s propane or ammonia (Nh3). As a second
example, both the first refrigerant and second refrigerant 1s
Co2 fluid (R-744).

[0049] Referring to FIG. 2, a perspective view of an air
conditioning system 10 with auxiliary thermal storage 20 1s
shown. The auxiliary air conditioning system 10 adds thermal
storage 20 to an air conditioning system and, therefore, 1t 1s
anticipated that in some embodiments, the thermal storage 20
1s itegrated or retrofitted into any existing air conditioning
system.

[0050] The exemplary auxiliary air conditioning system
includes thermal storage 20 that will be further described with
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FIGS. 3 and 5. The auxiliary air conditioning system includes
one or more typical compressors 40 (two are shown as an
example), typically driven by an electric motor for home and
ollice, but there 1s no limitation to the type of compressor(s)
40 and the way the compressor(s) 40 1s/are driven (e.g., by a
gasoline engine). The compressor(s) 40 have a low pressure
suction line (vapor inlet line) 72 through which warm, gas-
cous relrigerant 1s recerved from the thermal storage 20 and/
or the mside air handlers 70. The compressors 40 then com-
press this gaseous refrigerant into a liqud state at a high
pressure which 1s then transferred to the outside air heat
exchanger 50 through high pressure pipes 42 where the liquid
refrigerant 1s cooled by a flow of outside air over a series of
fins, as known 1n the industry. The now cold, liquid refriger-
ant, under pressure, tlows through the high pressure line 74 to
both the thermal storage 20 and the evaporators 70.

[0051] Inonemode of operation, the cold, liguid refrigerant
flows through the heat transier tubes 82 within the thermal
storage 20. As the refrigerant changes state from a liquid to a
gas (evaporates) within the heat transier tubes 82, heat 1s
extracted from the material 90 within the thermal storage 20,
lowering the temperature of the material 90. At a certain
temperature (freezing point of the material 90 based upon the
physical properties of the material 90), the material 90
changes phase from a liquid to a solid. This phase change
requires cooling energy above thatneeded to simply lower the
temperature ol the material 90, and therefore, stores that
additional energy until the now solid material 90 warms
above a certain temperature (melting point based upon the
physical properties of the material 90).

[0052] Note that many typical components of a traditional
air conditioning compressor 40 and outside air exchanger 50
such as reversing valves, thermal expansion devices, check
valves, fans/motors to flow air over the fins, fins, etc., are not
shown for clarity purposes as they are well known 1n the art.

[0053] The inside air handler 70 (coils, fins, motors not
shown for clarity reasons) 1s located in the structure to be
cooled such as 1n a living space, freezer compartment, refrig-
erator, vehicle passenger compartment, etc. When the com-
pressor 40 1s operating, the inside air handler receives cooled,
liquid refrigerant through the second high-pressure line 74.
The hiquid refrigerant evaporates (changes state to a gas
refrigerant) within the coils of the inside air handler 70
thereby extracting heat (e.g., cooling) air that flows through
the coils. The now gaseous refrigerant exits the inside air
handler 70 through the suction line 72 and i1s again com-
pressed by the compressor(s) 40, efc.

[0054] When the compressor 40 1s operating, thereby phase
changing and compressing the refrigerant from a gaseous
state to a high pressure, cold state and routing the high pres-
sure, cooled refrigerant through the first high-pressure line 74
and 1nto the 1nside air handler 70. At the same time, some of
the cooled refrigerant enters the thermal storage 20, either
turther cooling the material 90 or cooling the material 90
suificiently to cause at least some of the material 90 to phase
change into a solid. In some embodiments, a valve 31 (e.g.
solenoid valve 31) 1s opened when conditions are right for
charging the thermal storage 20 such as when electricity rates
are low or when outside ambient temperatures are favorable.
When the valve 31 1s closed, all high pressure, cooled refrig-
erant 1s directed to the air handler 70 to cool the structure. In
embodiments, the valve 31 1s closed when electricity rates are
high or when outside ambient temperatures are not favorable.
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[0055] At such times when sufficient cold heat 1s stored 1n
the thermal storage 20 and 1t i1s determined that it 1s not
tavorable to operate the compressor(s) 40 (e.g. during high
cost electricity periods or higher outside ambient tempera-
tures), istead of operating the compressor(s) 40, a pump 34
(e.g., a LPA Liqud Pressure Amplification) pump 34) 1s
operated to pump liquid refrigerant through a collection tube
22 from the thermal storage and into the high pressure line 74
through a high pressure connecting tube 28. This liquid
refrigerant enters the inside air handler 70 and evaporates in
the coils within the 1nside air handler 70, thereby extracting
heat from air passing over these coils (e.g., cooling). The now
gaseous relrigerant flows back into the thermal storage 20
through the low pressure tube 72, where 1t interacts with the
low temperatures within the material 90 of the thermal stor-
age 20, thereby condensing back into a liquid refrigerant.

[0056] Referring to FIGS. 3 and 5, perspective views of the
internals of the auxiliary thermal storage 20 are shown.
Within the thermal storage 20, are a series of thermal fins 84
having one or more heat transier tubes 82. An example of the

construction of such thermal fins 84 and heat transfer tubes 82
are shown 1n FIG. 11.

[0057] At a lower end of the heat transier tubes 82 (lower
with respect to gravity) 1s a high-pressure thermal storage
collection tube 86 through which, cool liquid refrigerant 1s
collected by the plurality of heat transier tubes 82 through
forces of gravity.

[0058] The volume of thermal battery 1s determined by
application, for example, in some embodiments, the volume
1s one square meter.

[0059] Inthe embodiment shown, the heat transtfer tubes 82
are mounted on plates 84 and the heat transfer tubes 82 are
thermally interfaced to the plates 84, although i1n other
embodiments 1t 1s anticipated that the heat transfer tubes are
without plates 84. By thermally interfacing the heat transier
tubes 82 to the plates 84, cool heat tlows readily between the
two and into the material 90 within the thermal storage 20.

[0060] The material 90 1s contained within an outer shell 92
that, preferably, includes a good thermal insulator. It 1s also
preferred that the outer shell 92 be water tight so the material
90 does not exit and, for when materials 90 expand and
contract, it 1s also preferred that the outer shell 92 be struc-
turally sound as to not break under pressure of the material 90.
It 1s anticipated that in some embodiments, the outer shell 92
be a set of layers of sealing materials, thermally mnsulating
materials, and/or structural materials 1n any order, composi-
tion, and combination.

[0061] Withinthe thermal storage 20, are a series of thermal
fins 84 having one or more heat transfer tubes 82. At a lower
end of the heat transfer tubes 82 (lower by gravity) 1s a
high-pressure thermal storage distribution tube 86 through
which, cool liquid refrigerant 1s distributed to the plurality of
heat transier tubes 82. At an upper end of the heat transier
tubes 82 1s a low-pressure exit collection tube 80.

[0062] The heat transfer tubes 82 are mounted on plates 84
and the heat transfer tubes 82 are thermally interfaced to the
plates 84. By thermally interfacing the heat transter tubes 82
to the plates 84, cool heat flows readily between the two (e.g.,
low thermal resistance).

[0063] The heattransier tubes 82 and plates 84 are within a
material 90 (e.g., at least partially submerged) and the mate-
rial 1s contained 1n an enclosure 92 that 1s preferably ther-
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mally insulated, thereby keeping cool heat stored within the
material 90 from escaping to the ambient outside of the enclo-
sure 92.

[0064] Although any number of heat transfer tubes 82 and
plates 84 are anticipate, thereby dictating the overall volume
and size of the enclosure 92, 1n one embodiment the thermal
storage 20 1s approximately three square meters 1n size. In
some embodiments, each plate 84 has 3 parallel heat transfer
tubes 82 and a conductance square surface area of around 900
square millimetres on each side. In some embodiments, the
heat transier tubes 82 are made from 34" standard refrigera-
tion soft drawn copper tube and are pressed between the
plates and bonded as described 1n FIG. 11. A modular frame-
work holds the plates 84.

[0065] The volume of thermal battery 1s determined by
application, for example, in some embodiments, the volume
1s one square meter.

[0066] Inthe embodiment shown, the heat transter tubes 82
are mounted on plates 84 and the heat transfer tubes 82 are
thermally interfaced to the plates 84, although in other
embodiments 1t 1s anticipated that the heat transier tubes are
without plates 84. By thermally interfacing the heat transier
tubes 82 to the plates 84, cool heat tlows readily between the
two and 1nto the material 90 within the thermal storage 20.

[0067] The material 90 1s contained within an outer shell 92
that, preferably, includes a good thermal insulator. It 1s also
preferred that the outer shell 92 be water tight so the material
90 does not exit and, for when materials 90 expand and
contract, it 1s also preferred that the outer shell 92 be struc-
turally sound as to not break under pressure of the material 90.

[0068] Retferring to FIGS. 4 and 6, internals of the in-line
thermal storage 120 are shown. As discussed with FIGS. 3
and 5, within the thermal storage 120, are a series of thermal
fins 84a/84b having one or more heat transfer tubes 82a/825.
There are two independent sets of thermal fins 84a/84b and
respective heat transier tubes 82a/82b. The first set of thermal
fins 84a and heat transter tubes 82a 1nterface to the compres-
sor(s) 40 and outside air handler 50 and, while the compressor
(s) 40 operates, the first refrigerant in a liquid state 1s tlows
into the first set of heat transfer tubes 82a from the high
pressure line 24 and heat 1s extracted from the material 90
within the thermal storage 120. As heat 1s extracted, the first
relrigerant evaporates within the first set of heat transfer tubes
82a and exits mto the suction tube 25 to return to the com-
pressor(s) 40 and outside air handler 50.

[0069] The second set of thermal fins 845 and heat transier
tubes 826 1nterface to the pump 34, an optional storage tank
60, and an 1nside air handler 70. When cooling is required and
the pump 34 operates, the second refrigerant in a liquid state
collects (e.g., by gravity) and flows out of the second set of
heat transier tubes 825 to high pressure line 22 which 1s in
fluidd communication with either the pump 34 or the storage
tank 60. The pump 34 forces the cold, second refrigerant into
the 1inside air handler 70 through high pressure tubes 74 where
the second refrigerant evaporates as 1t extracts heat from air
flowing through the inside air handler 70. The now gaseous
second refrigerant then flows through the low pressure line 72
back into the second set of thermal fins 845 where the second
refrigerant condenses due to the cold temperatures of the
material 90.

[0070] The heat transfer tubes 82a/826 are mounted on
thermal fins 84a/84b and the heat transfer tubes 82a/82b are
thermally interfaced to the thermal fins 84a/845b, providing
lower thermal resistance between the refrigerants and the
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material 90 within the thermal storage 120. Although not
required, 1t 1s preferred that the first set of thermal fins 84a
alternate with the second set of thermal fins 845 to equally
cool the material 90 within the thermal storage 120 and to
equally extract cold heat from the material 90 within the
thermal storage 120. Although shown as an equal number of
the first thermal fins 84a and the second thermal fins 8454,
there 1s no requirement for an equal number. For example, in
some embodiments there are three of the first thermal fins 844
and four of the second thermal fins 845, etc.

[0071] The heat transier tubes 82a/8256 and thermal fins

84a/84b are within a material 90 (e.g., at least partially sub-
merged) and the material 1s contained 1n an enclosure 92 that
1s preferably thermally insulated, thereby keeping cool heat
stored within the material 90 from escaping to the ambient
outside of the enclosure 92.

[0072] Although any number of heat transfer tubes 82a/825
and thermal fins 84a/84b are anticipate, thereby dictating the
overall volume and size of the enclosure 92, 1n one embodi-
ment the thermal storage 120 1s approximately one square
meters 1n size. In some embodiments, each thermal fin 844/
84b has 3 parallel heat transfer tubes 82a/82b and a conduc-
tance square surface area of around 900 square millimetres on
each side. In some embodiments, the heat transfer tubes 82a/
82H are made from 34" standard refrigeration soit drawn
copper tube and are pressed between the plates and bonded as
shown 1n FIG. 11. It 1s anticipated, though not required, that
a modular framework supports the thermal fins 84a/845,
maintaining proper location and separation.

[0073] The material 90 1s selected, for example, as an anti-
freeze and water solution of a specific concentration that will
provide the desired freezing and operating temperature.

[0074] Referring to FIGS. 7 and 7A, schematic views of
in-line air conditioning system 10a with 1in-line thermal stor-
age 120 are shown. In the in-line air conditioning system 10
with thermal storage 120, the thermal storage 120 has two
banks of heat transfer tubes 82a/825b for transterring cold heat
to/from a refrigerant there within. The first set of the heat
transier tubes 82a transier refrigerant to/from the compressor
(s) 40 and outside air handler 50. The second set of heat
transier tubes 82 transier refrigerant to/from the inside air
handler 70 by way of the pump 34. In this way, two indepen-
dent types and chemistries of refrigerant are allowed, though
in some embodiments, the refrigerant flowing through the

first set of heat transier tubes 82a 1s the same refrigerant
flowing through the second set of heat transier tubes 825.

[0075] The in-line air conditioning system includes ther-
mal storage 120 as described with FIGS. 4 and 6. The in-line
air conditioning system includes one or more typical com-
pressors 40. The compressor(s) 40 have a low pressure suc-
tion line (vapor inlet line) 25 through which warm, gaseous
refrigerant 1s received from the thermal storage 120. The
compressors 40 then compress this gaseous refrigerant into a
liquid state at a high pressure which 1s then travels through
tubes 42 and through the outside air heat exchanger 50 where
the liquid refrigerant 1s cooled by a flow of outside air over a
series of fins (not shown), as known 1n the industry. The now
cold, liquid refrigerant, under pressure, tlows through the
high pressure line 24 and 1nto the thermal storage 120. As the
cold, liquid refrigerant flows through the first set of the heat
transier tubes 82a within the thermal storage 120, the refrig-
erant changes state from a liquid to a gas (evaporates), extract-
ing heat (thermal energy) from the material 90 within the
thermal storage 120, lowering the temperature of the material
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90. At a certain temperature (freezing point of the material 90
based upon the physical properties of the material 90), the
material 90 changes phase from a liquid to a solid. This phase
change requires cooling energy above that needed to simply
lower the temperature of the material 90, and theretfore, stores
that additional energy until the now solid material 90 warms
above a certain temperature (melting point based upon the
physical properties of the material 90). For completeness, an
optional thermal expansion valve 21 1s shown

[0076] An inside air handler 70 (coils, fins, motors not
shown for clarity reasons) 1s located in the structure to be
cooled such as 1n a living space, freezer compartment, refrig-
erator, vehicle passenger compartment, etc. The nside air
handler 70 1s similar or the same as such known 1n the indus-
try.

[0077] In the example of FIG. 7, the compressor 40 1s
operated at a time desired (e.g. when electricity rates are
lower) until the material 90 within the thermal storage 120
achieves the desired temperature. While the compressor 40
runs, cold firstrefrigerant from the compressor 40 and outside
air handler 50 tlows through the first set of heat transier tubes
82a within the thermal storage 120 and cools and/or freezes
the material 90 within the thermal storage 120. Once the
desired temperature of the material 90 within the thermal
storage 120 1s achueved, the compressor 40 1s stopped, requir-
ing little or no turther power.

[0078] Now, as the second refrigerant 1mn gaseous form
enters the thermal storage 120, the second refrigerant contacts
the cold second set of heat transier tubes 826 and condenses
into a liquid and collects at the bottom of the heat transfer
tubes 825 1nto a transier tube 22 by gravitational force.

[0079] When cooling 1s required within the structure as
determined by, for example, a thermostat or other temperature
sensing device, the condensed, liquefied second relfrigerant
from the thermal storage 120 1s pumped from the transfer tube
22 and 1nto the mside air handler 70 through a high pressure
line 74. The inside air handler 70 recerves the cooled, liquid
second refrigerant through the second high-pressure line 74
and the liquid second refrigerant evaporates (changes state to
a gas refrigerant) within the coils of the inside air handler 70,
providing cool air within the structure (e.g., home, office,
reirigerator). The now gaseous second refrigerant exits the
inside air handler 70 through a second suction line 72 and
returns to the thermal storage 120 where it 1s again cooled and
liquetied.

[0080] Again, as the temperature of the material 90 within
the thermal storage 120 rises, determinations are made as to
whether the compressor 40 should be run. For example, 1f the
outside air temperature 1s at an i1deal temperature or 11 elec-
tricity rates are low, the compressor 1s run to cool the material
90 to the desired temperature. If the conditions are not right
(e.g. electricity rates are high or outside air temperatures are
not 1deal), running of the compressor 40 1s suppressed until
cooling 1s no longer possible with the remaining cold heat
energy stored 1n the thermal storage 120.

[0081] In the example of FIG. 7A, the compressor 40 1s
operated at a time desired (e.g. when electricity rates are
lower) until the material 90 within the thermal storage 120
achieves the desired temperature (e.g., phase changes into a
solid). While the compressor 40 runs, cold first refrigerant
from the compressor 40 and outside air handler 50 flows
through the first set of heat transfer tubes 82a within the
thermal storage 120 and cools and/or freezes the material 90
within the thermal storage 120. Once the desired temperature
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of the material 90 within the thermal storage 120 1s achieved,
the compressor 40 1s stopped, requiring little or no further
pOWEY.

[0082] Now, as the second refrigerant 1mn gaseous form
enters the thermal storage 120, the second refrigerant contacts
the cold second set of heat transfer tubes 825 and condenses
into a liquid. The condensed, cold liquefied second refriger-
ant collects by gravity and flows through tubes 22 into a
storage tank 60 (preferably insulated storage tank 60 or a
Liquid Refrigerant Receiver 60 as known in the industry). As
any of the second refrigerants within the storage tank 60
evaporate, the gaseous second refrigerant flows through
another tube 26 back into the thermal storage 120 where 1s 1t
then condensed as described above.

[0083] The liquefied second refrigerant within the storage
tank 60 1s 1n fluid communications with a pump 34 through a
tube 30. When cooling 1s required within the structure as
determined by, for example, a thermostat or other temperature
sensing device, the condensed, liquefied second refrigerant
from the storage tank 60 1s pumped 1nto the imside air handler
70 through a high pressure line 74 and optionally, a thermal
expansion valve 73. The inside air handler 70 receives the
cooled, liquid second reirigerant through the second high-
pressure line 74 and the liquid second refrigerant evaporates
(changes state to a gas refrigerant) within the coils of the
inside air handler 70. The now gaseous second relfrigerant
exi1ts the inside air handler 70 through a second suction line 72
and returns to the storage tank 60, and eventually to the
thermal storage 120 where 1t 1s again cooled and liquetied.
Again, an optional thermal expansion valve 73 1s shown for
completeness.

[0084] As the temperature of the material 90 within the
thermal storage 120 rises, determinations are made as to
whether the compressor 40 should be run. For example, 11 the
outside air temperature 1s at an 1deal temperature or if elec-
tricity rates are low, the compressor 1s run to cool the material
90 to the desired temperature. If the conditions are not right
(e.g. electricity rates are high or outside air temperatures are
not 1deal), running of the compressor 40 1s suppressed until
cooling 1s no longer possible with the remaining cold heat
energy stored 1n the thermal storage 120.

[0085] Ina preferred embodiment, the liquid pump 34 is an
LPA (Liquid Pressure Amplification) pump 34. Although a
single thermal storage 120 1s shown i1n FIGS. 1 and 1A,
smaller, larger, serial and/or parallel thermal storage 120 are
anticipated.

[0086] In some embodiments, the material 90 within the
thermal storage 1s a chemical-based antifreeze material such
as ethylene glycol or amixture of such antifreeze material and
water for achieving the desired phase change temperature
(e.g., Ireezing point). In some embodiments, the material 90
1s made of a non-global warming fluid that 1s processed from
the vegetable beetroot. There 1s no limitation to the material
90. By varying the antifreeze concentration level of the mate-
rial 90, the antifreeze eutectic freezing level 1s set as desired.
For example, a higher eutectic freezing temperature 1s used 1in
air conditioning for chilling 1n the range of 25 F to 30 F, while
a medium eutectic freezing temperature 1s used 1n air condi-
tioning for chilling in refrigerators 1n the range of 15 to 20 F
as needed for fresh meats, dairy products, and a low eutectic
freezing temperature 1s used 1n air conditioning for chilling 1in
refrigerators in the range o1 35 F to —18 F, typically 1n freezers
for frozen meats, fish, poultry, etc.



US 2016/0187014 Al

[0087] Iti1s fully anticipated that the first refrigerant be the
same or different to the second refrigerant and either refrig-
crant 1s any know reirigerant in the industry. As a first
example, the first refrigerant 1s Co2 fluid (R-744) and the
second refrigerant 1s propane or ammonia (Nh3). As a second
example, both the first refrigerant and second refrigerant is
Co2 flmd (R-744).

[0088] Referring to FIG. 8, a schematic view of the air
conditioning system 10 with auxiliary thermal storage 20 1s
shown. It 1s envisioned that, 1n some embodiments, the aux-
iliary air conditioning system 10 adds thermal storage 20 to an
existing air conditioning system and, therefore, it 1s antici-
pated that the thermal storage 20 be integrated into any new or
existing air conditioning system.

[0089] The compressor 40 recerves warm, gaseous relrig-
crant from the thermal storage 20 through the low pressure
suction line (vapor inlet line) 72 and/or the 1nside air handlers
70. The compressor 40 then compress this gaseous refrigerant
into a liquud state at a high pressure which 1s then transferred
to the outside air heat exchanger 50 through high pressure
pipes 42 where the liquid refrigerant 1s cooled by a flow of
outside air over a series of fins, as known 1n the industry. The
now cold, liguid refrigerant, under pressure, flows through
the high pressure line 74 to both the thermal storage 20 and
the evaporators 70.

[0090] Inonemodeofoperation, the cold, liguid refrigerant
flows through the heat transier tubes 82 within the thermal
storage 20. As the refrigerant changes state from a liqud to a
gas (evaporates) within the heat transier tubes 82, heat is
extracted from the material 90 within the thermal storage 20,
lowering the temperature of the material 90. At a certain
temperature (freezing point of the material 90 based upon the
physical properties of the material 90), the material 90
changes phase from a liquid to a solid. This phase change
requires cooling energy above that needed to simply lower the
temperature of the material 90, and therefore, stores that
additional energy until the now solid material 90 warms
above a certain temperature (melting point based upon the
physical properties of the material 90), at which time the cool
heat energy 1s released.

[0091] The inside air handler 70 (coils, fins, motors not
shown for clarity reasons) i1s located in the structure to be
cooled such as 1n a living space, freezer compartment, refrig-
erator, vehicle passenger compartment, etc. When the com-
pressor 40 1s operating, the inside air handler recerves cooled,
liquad refrigerant through the high-pressure line 74. The l1g-
uid refrigerant evaporates (changes state to a gas refrigerant)
within the coils of the inside air handler 70 thereby cooling air
that flows through the coils. The now gaseous refrigerant exits
the 1nside air handler 70 through the suction line 72 and 1s
again compressed by the compressor 40, efc.

[0092] When the compressor 40 i1s operating, thereby phase
changing and compressing the refrigerant from a gaseous
state to a high pressure, cold state and routing the high pres-
sure; cooled refrigerant flows through the first high-pressure
line 74 and into the inside air handler 70. At the same time,
some of the cooled refrigerant enters the thermal storage 20,
either further cooling the material 90 or cooling the matenal
90 suiliciently to cause at least some of the material 90 to
phase change nto a solid.

[0093] At such times when sulficient cold heat 1s stored 1n
the thermal storage 20 and 1t 1s determined that it 1s not
tavorable to operate the compressor 40 (e.g. during high cost
clectricity periods or higher outside ambient temperatures),
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instead of operating the compressor 40, a optional valve 30
(e.g. solenoid valve 30) 1s opened and a pump 34 (e.g., a LPA
Liquid Pressure Amplification pump 34) 1s operated to pump
liquid refrigerant through a collection tube 22 from the ther-
mal storage 20 and into the high pressure line 74 through a
high pressure connecting tube 28. This liquid refrigerant
enters the inside air handler 70 and evaporates 1n the coils
within the 1inside air handler 70, thereby extracting heat from
air passing over these coils (e.g., cooling). The now gaseous
refrigerant flows back into the thermal storage 20 through the
low pressure tube 72, where 1t interacts with the low tempera-
tures within the material 90 of the thermal storage 20, thereby
condensing back into a liquid refrigerant.

[0094] Although one valve 30 1s shown, any number of
valves are anticipated to control the tlow of the refrigerant.
For example, 1n some embodiments, a valve 1s inserted 1n the
high pressure line 24 between the high pressure line 74 and
the thermal storage 20 to prevent cold, liquid refrigerant from
flowing into the thermal storage 20 during periods of high
clectricity costs, and opened when conditions are right for
storing cold heat 1n the thermal storage 20. Likewise, 1t 1s
anticipated that 1n some embodiments, another valve or a
check valve 1s inserted 1n the high pressure line 74 towards the
outside air handler 50 to prevent the cold, liquid refrigerant

from flowing from the pump 34 back into the outside air
handler 50.

[0095] Referring to FIG. 9, a schematic view of an exem-
plary processing device 100 as used within the air condition-
ing system 10 with thermal storage 20/120 1s shown. The
exemplary processing device 100 represents a typical proces-
sor system as used with the air conditioning system 10 with
thermal storage 20/120, though 1t 1s known in the industry to
utilize logic 1n place of processors and vice versa. This exem-
plary processing device 100 1s shown 1n 1ts simplest form.
Different architectures are known that accomplish similar
results 1n a similar fashion and the air conditioning system 10
with thermal storage 20/120 1s not limited 1n any way to any
particular system architecture or implementation. In this
exemplary processing device 100, a processor 170 executes
or runs programs Irom a random access memory 175. The
programs are generally stored within a persistent memory
174 and loaded into the random access memory 175 when
needed. The processor 170 1s any processor, typically a pro-
cessor designed for portable devices. The persistent memory
174, random access memory 175 interfaces through, for
example, amemory bus 172. The random access memory 175

1s any memory 175 suitable for connection and operation with
the selected processor 170, such as SRAM, DRAM,

SDRAM, RDRAM, DDR, DDR-2, etc. The persistent
memory 174 1s any type, configuration, capacity of memory
174 suitable for persistently storing data, for example, flash
memory, read only memory, battery-backed memory, mag-
netic memory, etc. In some exemplary processing devices
100, the persistent memory 174 1s removable, in the form of
a memory card of appropriate format such as SD (secure
digital) cards, micro SD cards, compact flash, etc.

[0096] Also connected to the processor 170 1s a system bus
182 for connecting to peripheral subsystems such as output
drivers 184 and inputs 189/192 such as inputs from a tem-
perature sensor 140 or other controls, etc. The output drivers
184 receive commands from the processor 170 and control
the operation of the various components of the air condition-
ing system 10 with thermal storage 20/120, for example, the
compressor 40, the air handler 70 and the pump 34.
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[0097] In general, some portion of the memory 174 1s used
to store programs, executable code, and data. In some
embodiments, other data 1s stored 1n the memory 74 such as
tables and settings, eftc.

[0098] The peripherals and sensors shown are examples
and other devices are known in the mdustry such as Global
Positioning Subsystems, speakers, microphones, USB 1nter-
faces, Bluetooth transceivers 94, Wi-F1 transceivers 96,
1mage sensors, temperature sensors, etc., the likes of which
are not shown for brevity and clarity reasons.

[0099] In some embodiments, the exemplary processing
device 100 interfaces to a wireless transmitter or transcerver
(e.g., Bluetooth radio transceiver 94, a Wi-Firadio transceiver
96, or both) for commumnication with local wireless devices
such as personal computers and wireless sensors/thermostats.

[0100] Retferring to FIG. 10, a flow chart of an exemplary
soltware system running on processing device 100 as used 1n
conjunction with the air conditioning system 10 with thermal
storage 1s shown 20/120.

[0101] Inthis exemplary flow, the system 10 waits 202 until
there 1s a need for cooling (e.g., a temperature within the
structure being cooled raises above a programmed tempera-
ture as measured by a temperature sensor 140). Once the need
for cooling 1s determined 202, a test 204 1s made to determine
if 1t 1s better to use stored cold heat or to capture cold heat
from the outside ambient air. As an example, 1t 1s better to use
stored cold heat when the outside ambient air temperature 1s
above a certain point or when energy rates (e.g. electricity
costs) are high (e.g., in areas 1n which rates vary by time-oi-
day). If the test 204 concludes that it 1s best to use stored cold
heat, another test 220 1s performed to determine 1s suilicient
cold heat 1s available 1n the thermal storage 20/120. IT either
the test 204 determines that 1t 1s better to use stored cold heat
or the test 220 determines there 1s not suificient cold heat 1s
available 1n the thermal storage 20/120, the compressor 40,
outside air handler 50, and mside air handler 70 are operated
206 until the need for cooling abates 208 (e.g., a temperature
within the structure being cooled goes below above a second
programmed temperature as measured by a temperature sen-
sor 140), at which time the compressor 40, outside air handler
50, and 1nside air handler 70 are shut off.

[0102] If the second test 220 determines that there 1s suifi-
cient cold heat i1s available 1n the thermal storage 20/120,
instead of operating the compressor 40, the pump 34 and
inside air handler 70 are turned on 222 and operate until 1t 1s
determined 224 that the need for cooling has stopped (e.g., a
temperature within the structure being cooled goes below
above a second programmed temperature as measured by a

temperature sensor 140), at which time the pump 34 and
inside air handler 70 are turned oil 226.

[0103] Note, flows shown are examples, as 1t 1s known to
include additional steps to sequence operations (e.g., starting
the fans 1n the air handlers 50/70 before starting the compres-
sor 40) and delaying operation of the compressor 40 for a
period of time after the compressor 40 1s stopped to prevent
failures. It 1s also anticipated that any system based on a
processor 100 1s equally feasible implemented as logic, for
example, 1n a logic array, etc.

[0104] Referringto FIG. 11, a perspective view of an exem-
plary thermal fin design i1s shown. In this example, three
parallel thermal fins 84 are shown comprising two compli-
mentary aluminum sheets 84x/84y. The connecting tube 80
connects individual heat transier tubes 82. The heat transter
tubes 82 are sandwiched between the complimentary alumi-
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num sheets 84x/84y, thereby providing good thermal conduc-
tance between the heat transier tubes 82/82a/82b and the
thermal fins 84/844/845. In some embodiments, the heat
transfer tubes are 34" standard refrigeration soit drawn copper
tubes pressed between the complimentary aluminum sheets
84x/84y and bonded. In some embodiments, the heat transfer
tubes are copper tubes that are oval 1n cross-sectional shape
instead of the expected round cross-sectional shape.

[0105] Although any suitable materials are anticipated,
examples of materials for the heat transier tubes 82/28a/825b
are copper or aluminum. Likewise, examples of materials for
the thermal fins 84/84a/84b are also copper or aluminum.
[0106] Itis anticipated that, 1n some embodiments, the ther-
mal fins 84/84a/84b are supported by a modular framework.
[0107] Although described in the above examples as a sys-
tem for cooling, it 1s known to reverse such systems and the
described examples operate 1n reverse as expected.

[0108] Equvalent elements can be substituted for the ones
set forth above such that they perform in substantially the
same manner 1n substantially the same way for achieving
substantially the same result.

[0109] It 1s believed that the system and method as
described and many of 1ts attendant advantages will be under-
stood by the foregoing description. It 1s also believed that it
will be apparent that various changes may be made in the
form, construction and arrangement of the components
thereol without departing from the scope and spirit of the
invention or without sacrificing all of 1ts matenial advantages.
The form herein before described being merely exemplary
and explanatory embodiment thereof. It 1s the intention of the
following claims to encompass and include such changes.

What 1s claimed 1s:

1. An air conditioning system comprising;:

a COMpressor;

an outside air handler 1n fluid commumnications with the
COMPressor;

a thermal storage having a set of heat transfer tubes, a first
end of each of the heat transter tubes 1n fluid communi-
cations with the outside air handler through a high pres-
sure line and a second end of the heat transfer tubes 1n
fluid communications with the compressor through a
suction line;

an mnside air handler mterface to a structure to be cooled
and having an input that 1s in fluid communications with
the outside air handler through the high pressure line and
an output that 1s 1n fluid communications with the com-
pressor through the suction line;

a fluid pump having an input and an output, the input of the
pump 1n fluid communications with the first end of each
of the heat transfer tubes and the output of the pump 1n
fluid communications with the input of the inside air
handler;

whereas when the compressor runs, a refrigerant 1s com-
pressed mto a liquid, cooled by the outside air handler
and flows through the high pressure line into the heat
transier tubes where the refrigerant cools a material
within the thermal storage, the refrigerant also flows 1nto
the mside air handler where the refrigerant evaporates,
extracting heat from air from within the structure to be
cooled, and the refrigerant 1n gaseous form returns to the
compressor through the suction line;

whereas, 1n a first mode of operation, when cooling 1s
needed, the pump operates and circulates the refrigerant
in liquid form from the first end of the heat transter tubes
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and 1nto the 1nside air handler through the high pressure
line where the refrigerant extracts heat as 1t evaporates
into a gas and the refrigerant in gaseous form returns to
the thermal storage through the suction line and 1nto the
second end of the heat transfer tubes where the refriger-
ant condenses back into a cold liquid; and

whereas 1n a second mode of operation, when cooling 1s

needed, the compressor operates and circulates the
refrigerant 1n liquid form from the outside air handler
and 1nto the mside air handler through the high pressure
line where the refrigerant extracts heat as 1t evaporates
into a gas and the refrigerant in the gaseous form flows to
the compressor through the suction line where the refrig-
erant 1s compressed and cooled back 1nto a cold liquud.

2. The air conditioning system of claim 1, wherein the
material 1s a mixture of antifreeze and water.

3. The air conditioning system of claim 1, wherein the
material 1s a fluid that 1s derived from the vegetable beetroot.

4. The air conditioning system of claim 1, further compris-
ing thermal fins, each thermal fin comprising a first side and
a second side, each of the heat transfer tubes are sandwiched
between the first side and second side of a respective one of
the thermal fins.

5. The air conditioning system of claim 1, wherein a cross-
sectional shape of each of the heat transfer tubes 1s an oval
shape.

6. The air conditioning system of claim 1, further compris-
ing a valve between the mput of the pump and the first end of
cach of the heat transfer tubes, the valve opened 1n the first
mode of operation and closed 1n the second mode of opera-
tion.

7. The air conditioning system of claim 1, further compris-
ing a valve between the high pressure line and the first end of
the heat transter tubes, the valve closed to prevent cooling of
the thermal storage.

8. The air conditioning system of claim 1, wherein the
thermal storage 1s enclosed 1n a container that provides a seal
for preventing loss of the material and that provides thermal
insulation.

9. A method of cooling comprising:
cooling and compressing a refrigerant mto a liquid state
using a compressor and outside air handler;
flowing the refrigerant in the liquid state through heat
transier tubes that are situated within a thermal storage,
the thermal storage at least partially filled with a mate-
rial, the refrigerant extracting heat from the materal as
the refrigerant changes state from the liquid into a gas
and the refnigerant 1n gaseous form returning to the
compressor; and
flowing the refrigerant in the liquid state mto an 1nside air
handler where the refrigerant in liquid form extracts heat
from air flowing through the inside air handler as the
refrigerant changes 1into a gaseous state, the refrigerant
in the gaseous state then flows back to the compressor
where the compressor and outside air handler condenses
the refrigerant back into the liquid state.

10. The method of claim 11, further comprising stopping
the cooling and compressing and, when cooling 1s requested,
circulating the refrigerant in liquid form from the thermal
storage to the inside air handler, the refrigerant evaporating
and extracting heat from the air flowing through the inside air
handler, and returning the refrigerant 1n gaseous form back to
the thermal storage, thereby condensing of the refrigerant
back into the liquid form.
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11. The method of claim 10, wherein the refrigerant 1s a
mixture of antifreeze and water.

12. The method of claim 10, wherein the material 1s derived
from the vegetable beetroot.

13. An air conditioning system comprising:

a compressor having an input in fluid communications with
a suction line and having an output;

an outside air handler, an input of the outside air handler 1n
fluid communications with the output of the compressor
and an output of the outside air handler i fluid commu-
nications with a high pressure line;

a thermal storage enclosed 1n a thermally insulated housing
and having heat transfer tubes that are at least partially
within a material, a first end of the heat transter tubes in
fluid communications with the high pressure line and a
second end of the heat transier tubes 1n fluid communi-
cations with the suction line;

an 1nside air handler having an input 1n fliud communica-
tions with the high pressure line and having an output in
fluid communications with the suction line;

a tluid pump having an 1nput of the pump 1n fluid commu-
nications with the first end of the heat transfer tubes and
the tluid pump having an output that 1s 1n fluid commu-
nications with the high pressure line;

whereas 1 a first mode of operation when cooling 1s
needed, the compressor runs, a refrigerant 1s compressed
into a liquid, cooled by the outside air handler and flows
into the first end of the heat transfer tubes where the
refrigerant evaporates, extracting heat from the material
within the thermal storage and the evaporated refrigerant
returns to the compressor through the suction line and, 1n
parallel, the refrigerant in liquid form flows into the
inside air handler where the refrigerant evaporates,
extracting heat from air and the evaporated refrigerant
returns to the compressor through the suction line; and

whereas, 1n a second mode of operation, when cooling 1s
needed, the pump operates and circulates a refrigerant 1n
liquid form from the first end of the heat transfer tubes
into the 1nside air handler where the refrigerant extracts
heat as 1t evaporates 1nto a gaseous form and the refrig-
crant 1n the gaseous form returns to the second end of the
heat transter tubes within the thermal storage where the
refrigerant condenses back into a cold liquid within the
heat transter tubes.

14. The air conditioning system of claim 13, wherein the
material 1s a mixture of antifreeze and water.

15. The air conditioning system of claim 13, wherein the
maternial 1s derived from the vegetable beetroot

16. The air conditioning system of claim 13, further com-
prising thermal fins, each of the heat transier tubes are ther-
mally and physically coupled to a respective one of the ther-
mal fins.

17. The air conditioning system of claim 16, wherein the
thermal fins comprise two sides and the heat transfer tubes are
sandwiched between the two sides of the thermal fins.

18. The air conditioning system of claim 13, whereas, 1n a
third mode of operation, when cooling 1s needed, a valve 1s
closed preventing flow of the refrigerant in liquid form into
the thermal storage and the compressor operates and circu-
lates a refrigerant 1n liquid form from the compressor and
outside air handler into the inside air handler where the refrig-
erant extracts heat as 1t evaporates into a gaseous form and the
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refrigerant in the gaseous form returns to the compressor
where the refrigerant 1s compressed and condensed back 1into
a cold liquid.

19. The air conditioning system of claim 13, whereas, 1n a
fourth mode of operation, when cooling of the thermal stor-
age 1s needed, the compressor operates and circulates a refrig-
erant 1 liquid form from the compressor and outside air
handler 1nto the into the first end of the heat transfer tubes
where the refrigerant extracts heat from the material as it
evaporates mto a gaseous form and the refrigerant in the
gaseous form returns to the compressor where the refrigerant
1s compressed and condensed back into a cold liquad.

20. The air conditioning system of claim 19, further com-
prising valves, the valves preventing flow of the refrigerant
through into the inside air handler when cooling 1s not per-
formed.
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