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GROUND-BASED AIRCRAFT AIR CONDITIONER
WITH THERMAL STORAGE

FIELD OF THE INVENTION

[0001] The instant invention relates generally to ground-
based air conditioner systems of the type that are used for
cooling the passenger cabin space of a parked aircrait, and
more particularly to a ground-based aircraft air conditioner
system with thermal storage.

BACKGROUND OF THE INVENTION

10002] A number of systems have been developed over the
years to satisty the requirement of maintaining the tempera-
ture of the passenger cabin of modern day aircraft at a level
that 1s comiortable to the passengers during the time the
aircraft 1s parked. In such aircraft, the high density of
passengers, the interior lighting, the large number of win-
dows, and the heavily insulated fuselage all contribute to
raising the temperature of the cabin of the parked aircrait to
uncomiortable levels. Accordingly, 1t 1s necessary to provide
a cooling system to lower the aircraft cabin temperature,
even when the aircrait 1s parked in locations with relatively
cool outside ambient temperatures.

[0003] One type of prior art system for cooling the cabin
of a parked aircraft utilizes an on-board auxiliary power unit
which 1s generally a small, jet-fueled turbine. The turbine,
which 1s operated when the aircraft 1s parked, 1s used to
power the on-board cooling system. During flight, the main
engines power the cooling system.

[0004] Another type of prior art system for cooling the
cabin of a parked aircraft utilizes one or more on-board air
cycle machines, which are special-purpose heat pumps.
These machines cool the cabin air when they are supplied
with a source of hugh-pressure, high temperature air. During
flight, the source of air 1s an on-board compressor driven by
the main engines. When the aircraft 1s parked, a ground-
based air compressor 1s connected to the aircrait to drive the
heat pumps. This connection 1s made using a hose which
links the compressor to a heat pump connector provided on
the outer surface of the aircraft fuselage.

[0005] Yet another type of system for cooling the cabin of
a parked aircraft utilizes a ground-based air conditioner unit,
which provides cool air under pressure directly into the
cabin air-conditioning duct system. This ground-based air
conditioner, which may be fixed 1n location or portable, 1s
connected to the parked aircraft using a flexible hose. This
hose links the air conditioner to a connector, provided on the
exterior of the fuselage, which communicates directly with
the cabin ducts. In this mechamization, there 1s no need to
operate the on-board cooling system when the aircrait is
parked.

[0006] Of the previously described types of cooling sys-
tem, the ground-based air conditioner unit i1s generally
recognized as being the most energy eflicient. Typically,
prior art ground-based air conditioner units require from
one-fifth to one-tenth the energy of those systems employing
on-board auxiliary power units, and from one-half to one-
fourth the energy of those systems employing on-board air
cycle machines.

[0007] Even though ground-based air conditioner systems
are generally more eflicient than many other types of cooling
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systems, they still require large amounts of power for their
operation. For example, electrically operated air conditioner
systems for large commercial jet aircraft may require in
excess ol three hundred and fifty kilowatts of power for their
operation. This 1s a serious concern in applications where the
air conditioner unit 1s located proximate the outboard end of
a passenger boarding bridge. In such applications, the air
conditioner unit draws on the power that 1s supplied to the
passenger boarding bridge, and thereby reduces the amount
of power that 1s available during peak demand for other
applications, such as auto-leveling, interior lighting, etc.

[0008] While conventional systems have been suggested
which utilize ground based power supplies, the continuing
problem exists of adapting such systems to the requirements
of different sized aircrait. Presently, there exists a multitude
of aircraft models and types, each with their own respective
passenger carrying capacity and cabin configuration. In
large part the cooling requirements for a preconditioned air
umt are determined by the number of passengers being
housed within the cabin being supplied with preconditioned
air, as well as the internal air distribution network and the
overall spatial dimensions of the cabin. It follows that a
particular preconditioned air system designed for servicing
a given number of passengers and cabin configuration may
prove 1nadequate for servicing an aircraft having a signifi-
cantly larger or smaller passenger capacity and cabin con-
figuration.

[0009] It would be advantageous to provide a precondi-
tioned air system that is adaptable to different operating
requirements depending upon aircrait size, passenger load,
ambient conditions, etc.

SUMMARY OF EMBODIMENTS THE
INVENTION

[0010] It is an object of the instant invention to provide an
apparatus and method for cooling the cabins of parked
aircraft that overcomes some of the above-mentioned limi-
tations of the prior art.

[0011] It is an object of the instant invention to provide an
apparatus and method suitable for use with a plurality of
different aircrait types, including large commercial aircrait
and smaller regional aircratit.

[0012] According to one aspect, the instant invention
enables the discharge of cooled air for cooling the passenger
cabin of an aircrait during a period of time, without oper-
ating a conventional air conditioning unit during at least a
portion of the period of time. For instance, air 1s passed over
a thermal storage medium, so as to cool the air prior to 1t
being provided mto the cabin of the parked aircrait. Option-
ally, this 1s achieved by passing air over a heat exchanger
that 1s 1 thermal communication with the thermal storage
medium, or by passing air directly over the thermal storage
medium.

[0013] According to another aspect, the instant invention
enables the discharge of cooled air while at the same time
operating a conventional air conditioning unit. For instance,
a thermal storage medium 1s used to augment the operation
of the conventional air conditioning unit. In this way,
super-cooled air may be produced for cooling quickly an
aircraft cabin or for maintaining a desired cabin temperature
under extremely hot ambient conditions. Alternatively, one
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of the conventional air conditioning unit and the thermal
storage unit may be used selectively to cool a small aircratt,
or an aircrait housing few passengers, such as for example
a regional jet. When it 1s necessary to cool a larger aircraft,
then both units are used, or one unit 1s used continuously and
the other unit 1s used intermittently to augment the cooling
capacity of the first unit, as required.

[0014] According to another aspect of the instant inven-
tion, a ground based air conditioner unit 1s provided with a
mounting structure. The mounting structure 1s for detach-
ably mounting a thermal storage unit thereto. For example,
a plurality of thermal storage units may be charged 1n a
centralized area of the airport, wheeled out to the ground
based air conditioners 1 a charged state, coupled to the
ground based air conditioners, and used to cool aircraft
cabins. Optionally, the thermal storage units are used until
discharged to a predetermined level, at which point the
discharged units are returned to the centralized area of the
airport to be recharged. Alternatively, the thermal storage
units are at least partially recharged during off-peak time
using the ground based air conditioner unit, as described
above. Since aircraft gate assignments are known well 1n
advance of the aircrait actually arriving, and to a lesser
extent the outside ambient temperatures may be predicted,
the need to provide a charged thermal unit at particular
locations and at particular times can be scheduled.

[0015] According to yet another aspect of the instant
invention, a thermal storage air conditioner for use with
parked aircraft 1s provided. A non-limiting example includes
a thermal storage air conditioner for being disposed proxi-
mate an outboard end of a passenger boarding bridge.
During use, the outboard end of the passenger boarding
bridge 1s positioned adjacent to an exterior cabin door of the
aircraft so as to provide a covered walkway for supporting
passenger movement between the aircraft and a terminal
building. The thermal storage air conditioner 1s disposed, for
example, below the passenger boarding bridge, and includes
supply conduits for connection to a connector, provided on
the exterior of the aircraft fuselage, which communicates
directly with the cabin ducts.

[0016] According to still another aspect of the instant
invention, there 1s provided a preconditioned air system for
cooling an interior cabin space of a parked aircrait, com-
prising: a thermal energy storage unit including a thermal
energy storage medium; a ground-based air cooling unmit 1n
thermal communication with the thermal energy storage
medium; and, a controller for selectably switching the
preconditioned air system between an air cooling mode for
providing preconditioned air to the parked aircraft and a
charging mode for operating the ground-based air cooling
unit to store cooling capacity within the thermal energy
storage medium.

[0017] According to still another aspect of the instant
invention, there 1s provided a preconditioned air system for
cooling an interior cabin space of a parked aircraft, com-
prising: an air-cooling unit including an air inlet, a blower
fan, a condenser, a compressor, an expansion device, an
evaporator, a condenser fan, and an air outlet; and, a
mounting structure proximate the air outlet of the precon-
ditioned air unit for receiving a complimentary mounting
structure of a thermal energy storage umt, for supporting
detachable coupling of a thermal energy storage unit to the
air-cooling unit.
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[0018] According to still another aspect of the instant
invention, there 1s provided a method of providing precon-
ditioned air for cooling an interior cabin space of a parked
aircraft, comprising: providing a thermal energy storage
medium 1n thermal communication with a ground-based
air-cooling unit; operating the ground-based air-cooling unit
in a first operating mode during a first period of time, the first
operating mode for charging the thermal energy storage
medium; during a second period of time, providing a flow of
air at a first temperature in thermal communication with the
thermal energy storage medium, so as to discharge the
thermal energy storage medium during the second period of
time and to thereby change the temperature of the flow of air
from the first temperature to a second temperature that 1s
lower than the first temperature; and, directing the flow of air
at the second temperature to an interior cabin space of the
parked aircraft.

[0019] According to still another aspect of the instant
invention, there 1s provided a method of providing precon-
ditioned air for cooling an interior cabin space of a parked
aircraft, comprising: charging a thermal energy storage
medium at a charging location remote from an aircraft
parking location; transporting the charged thermal energy
storage medium to the aircraft parking location; thermally
coupling the charged thermal energy storage medium to a
ground-based air cooling unit at the aircraft parking loca-
tion; and, 1n cooperation with the ground-based air cooling
umt, discharging the charged thermal energy storage
medium to provide a flow of air at a desired temperature that
1s lower than an outside ambient temperature, the flow of air
for cooling a parked aircratt.

[0020] According to still another aspect of the instant
invention, in a preconditioned air unit for cooling an interior
cabin space of a parked aircraft, the preconditioned air unit
comprising an air inlet, a blower fan, a compressor, an
expansion device, a condenser, an evaporator and a con-
denser fan, there 1s provided an improvement comprising: a
thermal energy storage module 1n thermal communication
with the preconditioned air unit, the thermal energy storage
module comprising: a thermal energy storage medium; a
heat exchanger for thermally coupling the thermal energy
storage medium to the preconditioned air unit, and to
support charging and discharging of the thermal energy
storage medium; and, an air director for directing a flow of
air at a first temperature toward the heat exchanger and into
thermal contact with the thermal energy storage medium, so
as to discharge the thermal energy storage medium and to
change the temperature of the flow of air from the first
temperature to a second temperature that 1s lower than the
first temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

10021] Embodiments of the instant invention will now be
described 1n conjunction with the following drawings, 1n

which:

[10022] FIG. 1 1s a schematic block diagram of a prior art
preconditioned air system;

[10023] FIG. 2 is a schematic block diagram of a precon-
ditioned air system with thermal storage, according to an
embodiment of the instant invention;

10024] FIG. 3 1s a schematic illustration of the internal
components of a thermal energy storage apparatus;
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10025] FIG. 4 1s a schematic illustration of a precondi-
tioned air system with thermal storage, according to an
embodiment of the instant invention;

10026] FIG. 5 is a schematic illustration of a mobile

preconditioned air system with thermal storage, according to
an embodiment of the instant invention;

[10027] FIG. 6a 1s a schematic illustration of a mobile
preconditioned air system with a modular thermal storage,
according to an embodiment of the instant mvention, 1n
which one thermal storage module 1s provided;

10028] FIG. 65 1s a schematic illustration of a mobile
preconditioned air system with a modular thermal storage,
according to an embodiment of the instant invention, 1n
which two thermal storage modules are provided;

[10029] FIG. 6¢ is a schematic illustration of a mobile
preconditioned air system with a modular thermal storage,
according to an embodiment of the instant invention, 1n
which three thermal storage modules are provided;

[0030] FIG. 7a 1s a schematic block diagram of a precon-
ditioned air unit comprising a conventional refrigeration
system that 1s connected to an aircrait via an air supply duct;

10031] FIG. 7h 1s a schematic block diagram of a precon-
ditioned air unit comprising a conventional refrigeration
system connected to a mobile thermal storage unit via a cool
air duct, the mobile thermal storage unit connected to an
aircraft via an air supply duct;

[0032] FIG. 8a 1s a schematic illustration of the system of
FI1G. 7a;

[0033] FIG. 85 1s a schematic illustration of the system of
FI1G. 7b;

10034] FIG. 9a i1s a schematic illustration of an alternative
arrangement for a system in which the thermal storage unit
1s separated completely from the conventional air-condi-
tioner type preconditioned air units;

10035] FIG. 96 is a simplified top view of the thermal
storage unit of FIG. 9a;

[0036] FIG. 10 1s a schematic block diagram showing a
plurality of thermal storage modules being recharged at a

centralized cooling plant, according to an embodiment of the
instant invention;

10037] FIG. 11 is a simplified flow diagram of a method
according to an embodiment of the instant invention; and,

[0038] FIG. 12 is a simplified flow diagram of another

method according to an embodiment of the instant inven-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

10039] The following description 1s presented to enable a
person skilled in the art to make and use the invention, and
1s provided 1n the context of particular applications thereof.
Various modifications of the disclosed embodiments will be
apparent to those of skill 1n the art, and the general principles
defined herein are readily applied to other embodiments and
applications without departing from the spirit and scope of
the invention. Thus, the present invention 1s not mtended to
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be limited to the embodiments disclosed, but i1s to be
accorded the widest scope consistent with the principles and
features disclosed herein.

[0040] Referring to FIG. 1, shown is a schematic block
diagram of a prior art preconditioned air system. An air-
cooling unit 102 1s coupled to a parked aircrait 104 via air
supply duct 106 and air return duct 108. Optionally, the
air-cooling unit 102 1s mounted adjacent a top, lower or side
surface of a passenger boarding bridge, or 1s a mobile unit
that 1s mounted on a wheeled vehicle, such as for instance
a truck. The air-cooling unit 102 typically 1s provided 1n the
form of a conventional refrigeration system comprising a
volume of refrigerant that 1s contained within a refrigeration
circuit 110, which includes a compressor 112, a condenser
114, an expansion device 116, interconnecting tubing 118,
and evaporator tubes 120. During use, power 1s provided to
the compressor 112 for compressing the refrigerant so as to
form hot, high-pressure refrigerant in the gas phase. The hot
gas passes through condenser 114, condenses to a liquid, and
enters expansion device 116 where 1t evaporates to become
cold, low-pressure refrigerant gas. The cold gas runs through
evaporator tubes 120, and in the process cools a tlow of air
passing therethrough. The cooled air 1s transierred via air
supply duct 106, and 1s distributed throughout the passenger
cabin of aircraft 104 by a not-i1llustrated cabin air-duct
system. Air that 1s drawn out of the passenger cabin of

aircraft 104 1s returned to the air-cooling unit 102 via air
return duct 108.

[0041] Referring now to FIG. 2, shown i1s a schematic
block diagram of a preconditioned air system with thermal
storage, shown generally at 200, according to an embodi-
ment of the istant mmvention. By way of a specific and
non-limiting example, the air-cooling unit 202 that 1s shown
in FIG. 2 1s a conventional refrigeration system comprising
a volume of refrigerant that 1s contained within a refrigera-
tion circuit 210, which includes a compressor 212, a con-
denser 214, an expansion device 216, interconnecting tubing
218, and evaporator tubes 220. During use, power 1s pro-
vided to the compressor 212 for compressing the refrigerant
so as to form hot, high-pressure gas phase refrigerant. The
hot gas passes through condenser 214, condenses to a liquid,
and enters expansion device 216 where it evaporates to
become cold, low-pressure refrigerant gas. The cold gas runs
through evaporator tubes 220, and 1n the process cools a
flow of air passing therethrough.

[0042] Referring still to FIG. 2, the air-cooling unit 202 1s
coupled to a thermal storage unit 222 via tubing 224 and
226. The thermal storage unit 222 includes a thermal store
228 for storing thermal energy during off-peak time for use
during other times. To this end, the thermal store includes a
thermal storage medium, which 1s optionally one of a
concentrated liquid desiccant solution, a chilled water stor-
age medium, a hydrate cooling medium (including but not
limited to clathrate hydrates), and an 1ce storage medium, as
just a few specific and non-limiting examples. Furthermore,
the 1instant invention envisages use of thermal storage media
that are corrosive and/or that expand on freezing.

[0043] Optionally, the preconditioned air system with
thermal storage 200 1s mounted to one of a top surface, a side
surface and a lower surface of a passenger boarding bridge.
In that case, typically power 1s drawn from the power that 1s
provided to the passenger boarding bridge. Alternatively, the
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preconditioned air system with thermal storage 200 i1s a
mobile unit, for instance mounted on a truck or on a wheeled
cart. Often, a diesel generator 1s used to power mobile
preconditioned air units, but optionally the mobile precon-
ditioned air unit plugs into the main electrical grid of the
airport terminal building.

10044] Generally speaking, the air-cooling unit 202 is
operated to charge the thermal store 228 during periods of
time that air-cooling 1s not required. For instance, the
conventional air-cooling unit 202 1s operated to charge the
thermal store when no aircrait are parked within a parking
space that 1s serviced by the preconditioned air system with
thermal storage 200. During this time, other functions such
as interior lighting, auto-leveling, etc. are not required, and
accordingly the power that 1s consumed by the conventional
air conditioning unit is not a concern. To charge the thermal
store, for instance, refrigerant from air-cooling unit 202
flows 1mto a cooling coil through a supply line, absorbing
heat from the thermal store and then flows out of the cooling
coil through a discharge line and returns to the compressor

and condenser of the air-cooling unit 202, where the
absorbed heat 1s released.

[0045] By wayofa spec1ﬁc and non-limiting example, the
thermal storage unit 222 1s of a type that uses low cost and
thermally eflicient {in and tube heat exchangers, as described
for mstance 1 U.S. Pat. No. 5,524,453, which 1ssued Jun.
11, 1996 1n the name of James, the entire contents of which
1S incorporated by reference herein. Referring to FIG. 3, the
thermal storage unit 222 includes an insulated container 300
enclosing a serpentine-tube heat exchanger 302, the con-
tainer also being divided into two volumes by a barrier 304.
Barrier 304 does not block flow in tube 302. A thermal
energy storage (TES) medium 306 that 1s capable of absorb-
ing and releasing large quantities of heat fills the upper
volume surrounding and in direct physical and thermal
contact with the fins 308 and tube 302 heat exchanger. A
liquid 310 circulating through the lower volume via tubes
312 making intimate thermal and physical contact with the
tubes 302 and fins 314 of the heat exchanger fills the lower
volume. The barrier 304 serves to separate the TES material
and the circulating liquad 310.

[0046] Referring now to FIG. 4, shown 1s a schematic
diagram of a preconditioned air system with thermal storage
450 similar to that shown 1n FIG. 2, but with three thermal
storage units 222 of FIG. 3 connected together 1n series. A
conventional refrigeration system comprising a volume of
refrigerant that 1s contained within a refrigeration circuit 1s
provided in thermal communication with the three thermal
storage units 222. The conventional refrigeration system
turther comprising a compressor 400, a condenser 402, an
expansion device 404, interconnecting tubing 406 and
evaporator tubes 302 removes heat from both the TES
medium 306 and circulating liquid 310 when the compressor
400 1s energized. A circulating pump 408, circulating liquid
310, interconnecting piping 410, a heat accepting heat
exchanger 412, and three heat exchangers comprising tubes
302 and fins 314 situated within the TES modules below
barriers 304 comprise a chilled water cooling circuit. Heat
rejected from the circulating liquid 310 to the lower three
heat exchangers situated within the TES modules below
barriers 304 1s absorbed by passive melting of the TES
medium via heat transfer in the vertical heat pipes or by
conventional cooling with compressor 400 energized.
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[0047] Optionally, the preconditioned air system with
thermal storage 450 1s mounted to one of a top surface, a side
surface and a lower surface of a passenger boarding bridge.
In that case, typically power 1s drawn from the power that 1s
provided to the passenger boarding bridge. Alternatively, the
preconditioned air system with thermal storage 450 1s a
mobile unit, for instance mounted on a truck or on a wheeled
cart. Often, a diesel generator 1s used to power mobile
preconditioned air units, but optionally the mobile precon-
ditioned air unit plugs into the main electrical grid of the
airport terminal building.

|0048] There are three distinct operating modes for the
preconditioned air system with thermal storage 450. They
are 1) 1ice making for storing cooling capacity, 2) cooling by
melting 1ce, and 3) cooling by combined ice melting and
conventional refrigeration.

[10049] In the ice making mode (1) the conventional refrig-
eration system including compressor 400, condenser 402,
expansion device 404, interconnecting tubing 406, and
evaporator tubes 302 removes heat from the TES medium
306, such as for instance water, until the TES medium 306
freezes.

[0050] During the cooling by melting ice mode (2), heat is
accepted by heat exchanger 412 1n thermal contact with the
refrigerated space and the circulating liquid 310 hence
warming liquid 310. Pump 408 and interconnecting piping
410 force liquid 310 over fins 314 and tube 302 heat
exchanger below barrier 304. Heat from liquid 310 causes
refrigerant 1n tube 302 to boil hence cooling liquid 310. The
vaporized refrigerant travels up tube 302 recondensing by
transierring heat to the TES medium 306 and melting 1t. The
recondensed refrigerant returns by gravity to the region
inside tube 302 below barrier 304 to repeat the cycle until all
of the TES medium 306 melts.

[0051] In the cooling by combined TES medium melting
and conventional reifrigeration mode (3), melting TES
medium 306 provides cooling capacity in addition to that
provided by the conventional refrigeration system. Both the
conventional refrigeration system and the melting TES
medium 306 remove heat from the circulating liquid 310
through the fins 314 and tube 302 heat exchanger. Mode (3)
permits using a smaller compressor 400 and condenser 402
than would otherwise be required for a given peak cooling

capacity.

[0052] Referring now to FIG. 5, shown i1s a schematic
illustration of a mobile preconditioned air system with
thermal storage, according to an embodiment of the 1nstant
invention. The mobile preconditioned air system with ther-
mal storage, shown generally at 500, includes a conventional
air-cooling unit 502 that 1s mounted permanently on a truck
or wheeled cart. A thermal storage unit 504 also 1s mounted
on the truck or wheeled cart and adjacent to the conventional
air-cooling unit 502. Interconnecting tubing 506 provides
thermal communication between the conventional air-cool-
ing unit 302 and the thermal storage unit 504. The thermal
storage unit 304 optionally 1s mounted permanently or
removably on the truck or wheeled cart. When the thermal
storage unit 504 1s mounted permanently on the truck or
wheeled cart, then charging of the thermal storage unit 504
1s accomplished optionally by operating the conventional
air-cooling unit 502 to cool the thermal storage medium, or
by returning the entire mobile preconditioned air system
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with thermal storage 500 to a centralized recharging site.
When the thermal storage unit 504 1s mounted removably on
the truck or wheeled cart, then charging of the thermal
storage unit 504 1s accomplished optionally by removing the
thermal storage unit for recharging at a centralized recharg-
ing site. Further optionally, the thermal storage umt 504 is
removed and replaced with an already charged thermal
storage unit. The thermal storage unit 504 subsequently 1s
returned to the centralized recharging site and 1s recharged.

[0053] Referring now to FIG. 6a, shown is a schematic
illustration of a mobile preconditioned air system with a
modular thermal storage, according to an embodiment of the
instant mvention, i which one thermal storage module 1s
provided. The mobile preconditioned air system with a
modular thermal storage, shown generally at 600, includes a
conventional air-cooling umit 602 that i1s mounted perma-
nently on a truck or wheeled cart. A first thermal storage
module 604 also 1s mounted on the truck or wheeled cart and
adjacent to the conventional air-cooling unit 602. Intercon-
necting tubing 606 provides thermal commumnication
between the conventional air-cooling unit 602 and the first
thermal storage module 604. The first thermal storage mod-
ule 604 optionally 1s mounted permanently or removably on
the truck or wheeled cart. When the first thermal storage
module 604 1s mounted permanently on the truck or wheeled
cart, then charging of the first thermal storage module 604 1s
accomplished optionally by operating the conventional air-
cooling unit 602 to cool the thermal storage medium, or by
returning the entire mobile preconditioned air system with
thermal storage 600 to a centralized recharging site. When
the first thermal storage module 604 1s mounted removably
on the truck or wheeled cart, then charging of the first
thermal storage module 604 1s accomplished optionally by
removing the first thermal storage module 604 for recharg-
ing at a centralized recharging site. Further optionally, the
first thermal storage module 604 i1s removed and replaced
with an already charged thermal storage module. The first
thermal storage module 604 subsequently is returned to the
centralized recharging site and 1s recharged.

[0054] Referring now to FIG. 65, shown is a schematic
illustration of a mobile preconditioned air system with a
modular thermal storage, according to an embodiment of the
instant invention, in which two thermal storage modules are
provided. A second thermal storage module 608 1s connected
in series with the first thermal storage module 604 wvia
interconnecting tubing 610. In this case, the second thermal
storage module 608 1s removably mounted on the truck or
wheeled cart. The second thermal storage module 608
increases the total thermal storage capacity of the system, so
as to support longer operation times or cooler air tempera-
tures than can be achieved using only the first thermal
storage module 604.

[0055] Referring now to FIG. 6¢, shown is a schematic
illustration of a mobile preconditioned air system with a
modular thermal storage, according to an embodiment of the
instant vention, i which three thermal storage modules
are provided. A third thermal storage module 612 i1s con-
nected 1n series with the second thermal storage module 608
and with the first thermal storage module 604 via intercon-
necting tubing 612. In this case, the third thermal storage
module 612 1s removably mounted on the truck or wheeled
cart. The third thermal storage module 612 increases further
the total thermal storage capacity of the system, so as to
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support longer operation times or cooler air temperatures
than can be achieved using only the first thermal storage
module 604 and the second thermal storage module 612.

[0056] Preferably, the interconnecting tubing that is illus-
trated 1n FIGS. 6a-6¢ includes quick-release type connectors
and valve systems for supporting rapid assembly and dis-
assembly of the modules 604, 608 and 612. The intercon-
necting tubing assembly/valve system 1s designed to prevent
release of refrigerant gas from the system when modules are
added or removed.

[0057] Another type of thermal storage modularity also
may be envisaged, which 1s less likely to release refrigerant
gas 1nto the environment. In particular, an airport maintains
a fleet of mobile preconditioned air systems with thermal
storage similar to the one shown 1n FIG. 5, wherein thermal
storage units 504 having diflerent thermal storage capacities
are mounted permanently on different vehicles. For instance,
the airport maintains a fleet including high-capacity, mid-
capacity, and low-capacity thermal storage units. The units
are maintained and charged at one or more centralized
charging stations, and then dispatched to various passenger
boarding bridges depending upon the cooling capacity that
1s required given ambient temperature conditions, size of
aircraft, number of passengers on the aircrait, etc.

[0058] Further optionally, the thermal storage unit is sepa-
rated completely from the conventional air-conditioner type
preconditioned air umts, as 1s shown i1n FIGS. 7a and 75.
Referring now to FIG. 7a, shown 1s a schematic block
diagram of a preconditioned air unit comprising a conven-
tional air-cooling umt 702 connected to an aircraft 704 via
air supply duct 706 and 708. In the specific and non-limiting
example that 1s illustrated 1n FIG. 7a, the aircraft 704 1s a
regional passenger jet with a passenger load of 125 passen-
gers. For the type of aircralt, the given passenger load, etc.
the conventional air-cooling unit 702 1s sutlicient to meet the
cooling needs of the aircrait 704. Referring now to FIG. 75,
shown 1s a schematic block diagram of a preconditioned air
unit comprising a conventional air-cooling unit 702 con-
nected to a mobile thermal storage unit 710 via a cool air
duct 712. The mobile thermal storage umt 710 1s connected
to aircrait 714 via air supply duct 716. Air 1s returned to the
conventional refrigeration system 702 via air return duct
708. In the specific and non-limiting example that 1s 1llus-
trated 1n FIG. 7b, the aircraft 714 1s a wide body passenger
jet with a passenger load of 315 passengers. For the type of
aircraft, the given passenger load, etc. the conventional
air-cooling umt 702 on 1ts own 1s not suflicient to meet the
cooling needs of the aircraft 714.

[0059] Accordingly, cool air from the conventional air-
cooling unit 702 1s diverted through the mobile thermal
storage unit 710 to be cooled further prior to being intro-
duced into the passenger cabin air duct system of aircrait
714. Optionally, the mobile thermal storage unit 710 1is
selected from a plurality of capacity types, such as for
instance a high-cooling capacity thermal storage unit, a
mid-cooling capacity thermal storage unit, and a low-cool-
ing capacity thermal storage unit, in dependence upon the
actual cabin size/configuration of the aircraft 714, outside
ambient temperature conditions, etc. Further optionally, the
cooled air 1s passed from the thermal storage unit to one or
more (not 1llustrated) additional thermal storage units con-
nected 1n series therewith, prior to being itroduced into the
passenger cabin air duct system of aircraft 714.
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[0060] Advantageously, in the system that is illustrated in
FIG. 75 the conventional air-cooling unit 702 and the mobile
thermal storage unit 710 are connected only via air ducts.
Accordingly, refrigerant gas does not move between the two
separate units, and therefore the probability of releasing
refrigerant gas into the environment 1s reduced significantly.
Further advantageously, under very high cooling require-
ment conditions, or in circumstances where the cooling
period 1s prolonged, additional mobile thermal storage units
may be delivered to the aircraft stand and used to replace the
mobile thermal storage unit 710 when 1t becomes discharged
to a predetermined level. In this case, the air ducts 712 and
716 simply are detached from the mobile thermal storage
unit 710 and quickly attached to the additional mobile
thermal storage unit, without risk of causing a leak of
refrigerant gas to the environment.

[0061] Referring now to FIG. 8a, shown is a schematic
illustration of the system of FIG. 7a. The conventional
air-cooling unit 702 1s mounted on a wheeled cart 1n this
specific example, but optionally 1s mounted on a truck. A
large diameter air duct 706 connects the conventional air-
cooling unit 702 to a connector that 1s provided on the
exterior of the aircrait fuselage. The connector communi-
cates directly with the cabin ducts for distributing the
conditioned air throughout the cabin.

[0062] Referring now to FIG. 85, shown is a schematic
illustration of the system of FIG. 7b. The conventional
air-cooling unit 702 1s mounted on a wheeled cart 1n this
specific example, but optionally 1s mounted on a truck. A
large diameter air duct 712 connects the conventional air-
cooling unit 702 to the mobile thermal storage unit 710,
which also 1s mounted on a wheeled cart 1n this specific
example. A second large diameter air duct 716 connects the
mobile thermal storage unit 710 to a connector that 1s
provided on the exterior of the aircrait fuselage. The con-
nector communicates directly with the cabin ducts for dis-
tributing the conditioned air throughout the cabin.

[0063] Further optionally, the conventional air-cooling
unit 702 1s connected to a plurality of mobile thermal storage
units 1n parallel. For instance, a Y-shaped adapter 1s provided
at the cool air outlet of the conventional air-cooling unit 702,
and the airtlow provided therefrom divides into two separate
streams, each stream passing through an air duct between the
Y-shaped adapter and a different mobile thermal storage
unit. Cool air ducts from each of the different mobile thermal
storage units 1s recombined at a second Y-shaped adapter
before being introduced into the aircrait cabin via the
connector that 1s provided on the exterior of the aircraft
tuselage. Advantageously, the flow volume of air through
cach of the different mobile thermal storage units 1s reduced
such that the duration of a cooling period i1s increased
relative to a system having only one thermal storage unait.
Further optionally, the second Y-shaped adapter 1s omitted
and cool air from only one of the mobile thermal storage
units 1s provided into the aircrait cabin via the connector that
1s provided on the exterior of the aircraft fuselage. In this
case, cool air from the other one of the mobile thermal
storage units 1s directed for other uses, such as for mstance
cooling the interior of the passenger boarding bridge, cool-
ing aircraft brakes when the turnaround time is msuthcient
for proper brake cooling, eftc.

[0064] Referring now to FIG. 9a, shown is a schematic
illustration of an alternative arrangement for a system 1n
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which the thermal storage unit 1s separated completely from
the conventional air-conditioner type preconditioned air
units. A preconditioned air unit comprising a conventional
air-cooling unit 902 1s connected to an aircrait 904 via air
supply duct 906. In the system of FIG. 9q, a thermal storage
umt 908 includes externally accessible heat-sink structures
910, such as for instance a plurality of spaced-apart plates or
fins. The thermal storage unit 908 1s positioned adjacent to
the conventional air-cooling unit 902, such that the exter-
nally accessible heat-sink structures 910 are received within
slots of the conventional air-cooling unit 902. For instance,
the slots are provided within an air-flow path into the aircraft
904, such that air moving along the flow path 1s cooled prior
to entering the aircrait 904. Advantageously, the system of
FIG. 9a supports transier ol cooling capacity from the
thermal storage unit 908 to the conventional air-cooling unit
902, without moving refrigerant gas between the two sepa-
rate units. Accordingly, the probability of releasing refrig-
crant gas into the environment 1s reduced significantly.
Furthermore, the combined units of FIG. 94 are more
compact and require less interconnecting ductwork, thereby
freeing up valuable apron space.

[0065] Referring now to FIG. 96, shown is a simplified top
view ol the thermal storage unit 908 including one of the
externally accessible heat-sink structures 910. The exter-
nally accessible heat-sink structure 910 1s a large surface-
area plate in thermal communication with the thermal stor-
age medium, which 1s contained within thermal storage unit
908. Optionally, a conduit 912 1s provided for circulating
fluid through the externally accessible heat-sink structure
910, 1n order to more efliciently transier cooling capacity to
the conventional air-cooling unit 902.

[0066] In an alternative embodiment, the conventional
air-cooling unit includes a plurality of externally accessible
heat exchange structures, such as for instance a plurality of
spaced-apart plates or fins, for being inserted into slots of a
thermal storage medium. In this case, optionally a conduait 1s
provided for circulating hot, high-pressure refrigerant in the
gas phase through the externally accessible heat exchange
structures, such that heat 1s transferred to the thermal storage
medium, thereby causing the refrigerant to condense to a
liquid. Accordingly, the thermal storage unit functions as a
condenser 1n the refrigeration circuit.

[0067] Referring now to FIG. 10, shown is a schematic
block diagram showing a plurality of thermal storage mod-
ules/units 1002a-/2 being recharged at a centralized cooling
plant, according to an embodiment of the nstant invention.
The thermal storage modules/units 1002a-/% include any of
the types of thermal storage modules/units described above.
In particular, each of the thermal storage modules/units
1002a-1 1s placed 1n thermal communication with a central-
1zed cooling system 1000. The configuration of the central-
1zed cooling system 1000 1s selected based on considerations
such as cost, efliciency, required cooling capacity, desired
recharge rate, etc. Suitable configurations for the centralized
cooling system 1000 will be readily apparent to one of skill
in the art. Advantageously, an airport environment lends
itsell well to centralized charging of thermal storage mod-
ules/units, for distribution to points of use during peak
demand. In particular, aircrait are assigned to particular
passenger boarding bridges well 1n advance of their
expected time of arrival. Accordingly, thermal storage mod-
ules/units may be dispatched from the centralized cooling
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plant and assembled as necessary to form a suitable precon-
ditioned air system prior to the aircraft parking at a gate.

[0068] Referring now to FIG. 11, shown 1s a simplified

flow diagram of a method according to an embodiment of
the instant invention. At step 1100 a thermal energy storage
medium 1s provided in thermal communication with a
ground-based air-cooling unit. At step 1102 the ground-
based air-cooling unit 1s operated in a first operating mode
during a first period of time, the first operating mode for
charging the thermal energy storage medium. At step 1104,
during a second period of time, a flow of air at a first
temperature 1s provided in thermal communication with the
thermal energy storage medium, so as to discharge the
thermal energy storage medium during the second period of
time and to thereby change the temperature of the tlow of air
from the first temperature to a second temperature that is
lower than the first temperature. At step 1106 the tlow of air
at the second temperature 1s directed to an interior cabin
space of the parked aircratt.

[0069] Referring now to FIG. 12, shown 1s a simplified
flow diagram of another method according to an embodi-
ment of the mstant invention. At step 1200 a thermal energy
storage medium 1s charged at a charging location remote
from an aircraft parking location. At step 1202 the charged
thermal energy storage medium 1s transported to the aircraft
parking location. At step 1204 the charged thermal energy
storage medium 1s thermally coupled to a ground-based
air-cooling unit at the aircraft parking location. At step 1206,
in cooperation with the ground-based air cooling unit, the
charged thermal energy storage medium 1s discharged to
provide a flow of air at a desired temperature that 1s lower
than an outside ambient temperature, the flow of air for
cooling a parked aircratt.

[0070] Itis an advantage of at least one embodiment of the
instant mvention that the amount of energy that 1s required
to operate the conventional air conditioning unit may be
reduced during peak demand time, such as when an aircraft
1s parked adjacent to the passenger boarding bridge. In
particular, the conventional air conditioning unit operates
primarily during non-peak demand time to charge a thermal
storage unit for later discharge. Since the thermal storage
unit may be used to augment the cooling capacity of the
conventional air conditioning unit, 1t 1s possible to 1install
smaller, more energy eflicient, conventional air conditioning
units. Furthermore, by reducing the cycling on and off of the
components ol the conventional air conditioning unit, the
lifetime of the unit 1s expected to be increased without a
corresponding increase 1n maintenance costs.

[0071] Of course, in aircraft applications it is not a ques-
tion of having to pay more for electricity 1n order to keep the
passenger cabin cool, but of having to allocate a limited
amount of power to operate all necessary systems for
servicing the aircrait. Since air conditioning 1s related pri-
marily to passenger comifort and not to safety, often the
operation of a conventional air conditioning system must be
reduced or suspended entirely when other systems raise the
power requirements above what 1s available. This results in
passenger discomiort but does not create significant safety
concerns. Alternatively, by switching over at least tempo-
rarily to a TES system as described above, the cabin
temperature may be maintained at a comfortable level using
a minimal amount of power, even during a peak demand
time.

Sep. 13, 2007

[0072] Numerous other embodiments may be envisaged
without departing from the spirit and scope of the invention.

What 1s claimed 1s:
1. A preconditioned air system for cooling an interior
cabin space of a parked aircraft, comprising:

a thermal energy storage umit including a thermal energy
storage medium;

a ground-based air cooling unit 1n thermal communication
with the thermal energy storage medium; and,

a controller for selectably switching the preconditioned
air system between an air cooling mode for providing
preconditioned air to the parked aircrait and a charging
mode for operating the ground-based air cooling unit to
store cooling capacity within the thermal energy stor-
age medium.

2. A preconditioned air system according to claim 1,
wherein the ground-based air cooling unit 1s a conventional
refrigeration system comprising an air inlet, a blower fan, a
compressor, an expansion device, a condenser, an evaporator
and a condenser fan.

3. A preconditioned air system according to claim 1,
wherein the thermal energy storage unit comprises an 1su-
lated container for containing the thermal energy storage
medium.

4. A preconditioned air system according to claim 3,
wherein the thermal energy storage medium 1s selected from
a group consisting of: a concentrated liquid desiccant
medium, a chilled water storage medium, a hydrate cooling
medium, and an 1ce storage medium.

5. A preconditioned air system according to claim 3,
wherein the thermal energy storage unit comprises a fin and
tube type-heat exchanger in contact with the thermal energy
storage medium.

6. A preconditioned air system according to claim 1,
wherein the thermal energy storage unit 1s disposed within
a refrigeration circuit of the air cooling unit, such that the
thermal energy storage unit functions as a condenser for the
air cooling unait.

7. A preconditioned air system according to claim 1,
comprising an air duct disposed between a cool air-outlet of
the ground-based air cooling unit and an air inlet of the
thermal energy storage unit, for providing a flow of air at a
first temperature from the ground-based air cooling unit to
the thermal energy storage unit.

8. A preconditioned air system according to claim 7,
wherein the thermal energy storage unit comprises a heat
exchanger 1n contact with the thermal energy storage
medium, the heat exchanger disposed for cooling the flow of
air at a first temperature to a second temperature that 1s lower
than the first temperature.

9. A preconditioned air system according to claim 1,
wherein the thermal energy storage unit comprises a plural-
ity of externally accessible heat sink structures in thermal
communication with the thermal energy storage medium.

10. A preconditioned air system according to claim 9,
wherein the ground-based air cooling unit comprises a
plurality of mating-structures for receiving the externally
accessible heat sink structures of the thermal energy storage
unit, so as to provide thermal communication therebetween.

11. A preconditioned air system for cooling an interior
cabin space of a parked aircraft, comprising:
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an air-cooling unit including an air inlet, a blower fan, a
condenser, a compressor, an expansion device, an
evaporator, a condenser fan, and an air outlet; and,

a mounting structure proximate the air outlet of the
preconditioned air unit for receiving a complimentary
mounting structure of a thermal energy storage unit, for
supporting detachable coupling of a thermal energy
storage unit to the air-cooling unit.

12. A preconditioned air system according to claim 11,
comprising a thermal energy storage unit having the com-
plimentary mounting structure, for being detachably coupled
to the air-cooling unit.

13. A preconditioned air system according to claim 12,
wherein the thermal energy storage unit comprises an 1nsu-
lated container for containing a thermal energy storage
medium.

14. A preconditioned air system according to claim 13,
wherein the thermal energy storage unit comprises a heat
exchanger 1n contact with the thermal energy storage
medium, the heat exchanger disposed for cooling air flowing
there past from a first temperature to a second temperature
that 1s lower than the first temperature.

15. A preconditioned air system according to claim 14,
wherein the thermal energy storage unit comprises an air
outlet that 1s sized for being coupled, via a duct, to a
preconditioned-air intake connector of the aircraft for pro-
viding a tlow of air at the second temperature thereto.

16. A preconditioned air system according to claim 13,
wherein the mounting structure comprises a plurality of
openings defined through an outer wall of the air-cooling
unit and wherein the complimentary mounting structure
comprises a plurality of externally accessible heat-sink
structures 1n thermal communication with the thermal
energy storage medium.

17. A method of providing preconditioned air for cooling
an interior cabin space of a parked aircrait, comprising:

providing a thermal energy storage medium 1n thermal
communication with a ground-based air-cooling unit;

operating the ground-based air-cooling unit 1 a first
operating mode during a first period of time, the first
operating mode for charging the thermal energy storage
medium;

during a second period of time, providing a flow of air at
a first temperature in thermal communication with the
thermal energy storage medium, so as to discharge the
thermal energy storage medium during the second
period of time and to thereby change the temperature of
the flow of air from the first temperature to a second
temperature that 1s lower than the first temperature;
and,

directing the flow of air at the second temperature to an

interior cabin space of the parked aircratt.

18. A method according to claim 17, wherein the first
period of time 1s an off-peak electricity demand period of
time.

19. A method according to claim 18, wherein the second
period of time 1s a time of electricity demand that 1s higher
than the off-peak electricity demand period of time.

20. A method according to claim 18, wherein the second
period of time 1s a peak electricity demand period of time.

21. A method according to claim 18, wherein providing
the thermal energy storage medium 1n thermal communica-
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tion with the ground-based air-cooling unit comprises pro-
viding a thermal storage unit containing the thermal energy
storage medium.

22. A method according to claim 21, wherein providing
the thermal storage unit comprises providing a plurality of
individual thermal storage units arranged in series with
respect to each other.

23. A method according to claim 21, wherein providing,
the thermal storage unit comprises providing a plurality of
individual thermal storage units arranged in parallel with
respect to each other.

24. A method according to claim 21, wherein the ground-
based air-cooling unit comprises an air outlet for providing
the tlow of air at the first temperature, and wherein the
thermal storage unit comprises a heat exchanger in contact
with the thermal storage medium and disposed adjacent an
air 1nlet for receiving the flow of air at the first temperature,
and wherein providing a thermal energy storage medium 1n
thermal communication with a ground-based air-cooling
unit comprises coupling the air outlet of the ground-based
air-cooling unit to the air inlet of the thermal storage unit.

25. A method according to claim 18, wherein providing
the flow of air at the first temperature comprises using the
ground-based air-cooling unit to cool a volume of air to the
first temperature from a third temperature that 1s higher than
the first temperature.

26. A method according to claim 18, wherein providing
the flow of air at the first temperature comprises providing
ambient air at the first temperature.

27. A method according to claim 18, wherein charging the
thermal energy storage medium comprises storing cooling
capacity of the ground-based air-cooling unit within the
thermal energy storage medium for use in cooling the
interior cabin space of a parked aircraft subsequent to
charging.

28. A method of providing preconditioned air for cooling
an 1terior cabin space of a parked aircrait, comprising:

charging a thermal energy storage medium at a charging
location remote from an aircrait parking location;

transporting the charged thermal energy storage medium
to the aircrait parking location;

thermally coupling the charged thermal energy storage
medium to a ground-based air cooling umt at the
aircrait parking location; and, 1n cooperation with the
ground-based air cooling unit, discharging the charged
thermal energy storage medium to provide a flow of air
at a desired temperature that 1s lower than an outside
ambient temperature, the flow of air for cooling a
parked aircraft.

29. A method according to claim 28, wherein charging the
thermal energy storage medium 1s performed during an
ofl-peak electricity demand period of time.

30. A method according to claim 29, wherein discharging
the charged thermal energy storage medium 1s performed
during a time of electricity demand that 1s higher than the
ofl-peak electricity demand period of time.

31. A method according to claim 28, wherein discharging
the charged thermal energy storage medium 1s performed
during a peak electricity demand period of time.

32. A method according to claim 28, wherein transporting,
the charged thermal energy storage medium comprises
transporting a plurality of thermal energy storage units to the
atrcraft parking location, each thermal energy storage unit of
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the plurality of thermal energy storage units containing a
portion of the thermal energy storage medium.

33. A method according to claim 32, wherein thermally
coupling the charged thermal energy storage medium to the
ground-based air cooling unit at the aircrait parking location
comprises coupling a series arrangement of the plurality of
thermal energy storage units to the ground-based air cooling,
unit.

34. A method according to claim 32, wherein thermally
coupling the charged thermal energy storage medium to the
ground-based air cooling unit at the aircrait parking location
comprises coupling a parallel arrangement of the plurality of
thermal energy storage units to the ground-based air cooling
unit.

35. A method according to claim 28, wherein discharging
the charged thermal energy storage medium comprises using,
the ground-based air cooling unit to cool a flow of air at the
outside ambient temperature to a first temperature that is
intermediate the outside ambient temperature and the
desired temperature.

36. A method according to claim 335, comprising passing,
the air at the first temperature through a heat exchanger in
contact with the charged thermal energy storage medium, for
transferring heat from the air to the charged thermal energy
storage medium to lower the temperature of the air from the
first temperature to the desired temperature.

37. In a preconditioned air unit for cooling an interior
cabin space of a parked aircraft, the preconditioned air unit
comprising an air inlet, a blower fan, a compressor, an
expansion device, a condenser, an evaporator and a con-
denser fan, the improvement comprising: a thermal energy
storage module 1n thermal communication with the precon-
ditioned air unit, the thermal energy storage module com-
prising:
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a thermal energy storage medium;

a heat exchanger for thermally coupling the thermal
energy storage medium to the preconditioned air unit,
and to support charging and discharging of the thermal
energy storage medium; and,

an air director for directing a flow of air at a first
temperature toward the heat exchanger and into thermal
contact with the thermal energy storage medium, so as
to discharge the thermal energy storage medium and to
change the temperature of the flow of air from the first
temperature to a second temperature that 1s lower than
the first temperature.

38. The improvement of claim 37, wherein the thermal

energy storage module comprises an insulated container for
containing the thermal energy storage medium therein.

39. A preconditioned air system according to claim 38,
wherein the thermal energy storage medium 1s selected from
a group consisting of: a concentrated liquid desiccant
medium, a chilled water storage medium, a hydrate cooling
medium, and an 1ce storage medium.

40. A preconditioned air system according to claim 37,
wherein the heat exchanger comprises a fin and tube type-
heat exchanger in contact with the thermal energy storage
medium.

41. A preconditioned air system according to claim 37,
wherein the thermal energy storage module 1s disposed
within a refrigeration circuit of the preconditioned air unit,
such that the thermal energy storage unit functions as the
condenser for the preconditioned air unit.

AXA Exhibit 2017

Page 20 of 20
IPR2025-00408



	Front Page
	Drawings
	Specification
	Claims



