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(57) Abréegée/Abstract:

A vehicle comprises an Interior area Iincluding a driver compartment and a sleeper compartment. The vehicle includes a first

apparatus adapted to provide occupant comfort air at least in the driver compartment. The vehicle further includes a second
apparatus adapted to provide occupant comfort air at least in the sleeper compartment.
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ABSTRACT OF THE DISCLOSURE

A vehicle comprises an interior area including a driver companment and a

sleeper compartment. The vehicle includes a first apparatus adapted to provide
accupant comfart air at least in the driver campartment. The vehicle further includes
a second apparatus adapted to provide occupant comfort air at least in the sleeper

compartment.
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HVAC SYSTEM FOR TRUCK SLEEPERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application
No. 60/556,256 filed on March 25, 2004, which is entirely incarporated herein

by reference.

FIELD OF THE INVENTION

[0002] The present invention is directed in general to a heating. ventilating,
and air conditioning (HVAC) system for a venicle, and more particularly to a first
apparatus adapted to pravide desired occupant comfort air at least in the driver
comparnment of a vehicle and a second apparatus adapted to provide desired

occupant comfort air in the sieeper compartment of a vehicle.

BACKGROUND QF THE INVENT]ON

[0003] Motor vehicles, such as a long distance or over the road trucks may not

be configured to readily provide HVAC needs when parked. Specifically, such
vehicles may not provide for a desired HVAC, when the vehicles are not being driven.
For example, if the vehicle is parked and HVAC is desired, the engine of the vehicle,
which drives an associated engine-driven air-conditioning unit, heat exchamger, etc.
may need to be operated. This results in air poliution, sound poliution, and engine

wear concems. As such, there is some need to address issues concerning HVAC

needs when the vehicle is stationary.
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[0004] Reconfiguring a vehicle to include additional HVAC equipment may be
labor intensive and may require cutting, fitting, or other modification of existing parts.
Space constraints within the vehicle may also be problematic. Further there s a need
for an HVAC system for the sleeper compartment that can function regardless o7

whether the vehicle engine is running and/or can operate on alternative power

sQurces.

SUMMARY OF THE INVENTION

[0005] In accordance with one aspect, a8 vehicle comprises an interior area
inciuding a driver compartment and a sleeper compartment. The vehicie includes a
first apparatus that is adapted to provide accupant comfart air at least in thve driver
compartment. The first apparatus includes a first apparatus fan. The vehicle further
comprises a ground-engaging whee! and a power source adapted to power the first
apparatus and the ground-engaging wheel when the power source is operating. The
vehicle further comprises a second apparatus adapted to provide occupant comiort
air at least in the sleeper compartment. The secand apparatus includes a first heat
transfer device, a second heat transfer device and a second apparatus farn adapted to
facilitate air flow with respect to the first and second heat transfer devices to provide
conditioned air at least in the sleeper compariment. The first and second heat
transfer devices are either both adapted to heat or both adapted to cool the sleeper
compartment. The vehicle further comprises a control mechanism adapted to permit
aperation of the second heat transfer device and prevent operation of the Tirst heat
transfer device when the power source is operating and adapted to permit operation
of the first heat transfer device and prevent operation of the second heat transter

device when the power source is not operating.
2
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[0006] in accordance with another aspect, a vehicie compnses an interior
area including a driver compariment and a sleeper compartment. The vehicle further
comprises a first apparatus adapted 1o provide occupant comfort air at least in the
driver compartment. The vehicle aiso includes a ground-engaging wheel and a power
source adapted to power the first apparatus and the ground-engaging wheel when the
power source is aperating. The vehicle further inciudes a second apparatus adapied
to provide occupant comfort air at least in the sleeper compartment, wherein the
second apparatus is adapted to aperate entirely on an AC power supply and wherein
the second apparatus is further adapted to operate entirely on a DC power supply.

[0007] in accordance with still another aspect, a vehicle comprises an interior
area including a driver compariment and a sleeper compartment. The vehicle
inciudes a first apparatus adapted to provide occupant comiart air at least in the
driver compartment. The first apparatus comprises a first heater unit including a heat
exchanger and a fluid pump adapted to circulate fluid through the heat exchanger.
The first apparatus further includes a first air cooling unit including a compressar, a
condenser coil, a condenser fan, and an evaporator coil. The first apparatus further
comprises a first apparatus fan adapted to facilitate air flow with respect to the heat
exchanger and the evaporator coil. The vehicle further inciudes a ground-engaging
wheel and a power source adapted to power the fluid pump, the compressor, the
candenser fan, the first apparatus fan and the ground-engaging wheel when the
power saurce is operating. The power source aiso includes a fiuid coolant circuit in
fluid communication with the heat exchanger. The vehicle also comprises a secona
apparatus adapted 1o provide occupant comfort air at least in the sleeper

compartment. The second apparatus compnses a second heater unit including an

electrical heating element and another heat exchanger operably connected to the
3
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fluid coolant circuit of the power source. The second apparatus further comprises a
second air cooling unit including an auxiliary compressor, an auxiliary condenser cail,
an auxiliary candenser.fan, a first auxiliary evaporatar coil operably connected
between the auxiliary condenser coil and the auxiliary compressor, and g second
auxiliary evaporator coil operably connected between the condenser coil of the first
apparatus and the compressor of the first apparatus. The second apparatus further
includes a second apparatus fan adapted to facilitate air flow with respect to the

electrical heating element, the heat exchanger of the second apparatus, the first

auxiliary evaporator coil and the second auxiliary evaporatar cail. The second
apparatus fan, the electrical heating element, the auxiliary compressor and the
auxiliary condenser fan are adapted 1o operate entirely on an AC power supply and

also adapted to aperate entirely on a DC power supply.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other features and advantages of the present
invention will become apparent to those skilled in the ar to which the present
invention relates upon reading the following description with reference to the
accompanying drawings, in which:

[0009] Fig. 1 is an elevational view of an exampie vehicle in accordance wiih
a first embodiment of the present invention with portions broken away to depict
certain features of the present invention in schematic form;

[0010] Fig. 2 is a schematic illustration of elements of the example vehicie of
Fig. 1, and

[0011] Fig. 3 is a schematic illustration of elements ot another vehicle in

accordance with a second example embodiment of the present invention.
4
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ETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
[0012] Certain terminology is used herein for convenience only and is not 16
pe taken as a limitation on the present invention. Further, in the drawings, the same
reference numerals are employed far designating the same elements, and In order to
clearly and concisely illustrate the present invention, certain features may pbe shown
in somewhat schematic f;nrm.
[0013] Fig. 1 depicts a vehicle 10 with portions broken away 10 depict

features of an example embodiment of the present invention in schematic form. The

vehicle 10 includes interior compariments for creature comfort. As shown, the vehicle
10 includes an interior area 12 with a driver compartment 14 and a sieeper
compartment 16. In particular embodiments, the vehicle 10 might comprise a truck
with a driver cab 13 including the driver compariment 14 and a sleeper cab 15
inciuding the sleeper compartment 16. A wide range of vehicles, in addition to trucks,
might comprise driver and sleeper companments. For example, a vehicle might
comprise a recreational vehicle wherein the driver compartment comprises the front
seat area of the recreational vehicle and the sleeper companment comprises a rear
living area of the recreational vehicle. Vehicies might aiso comprise an automabile,
such as a van, where the driver compartment comprises the front seat area anad the
sleeper compartment comprises a rear seat or rear area of the automabile. Other
vehicles including a driver compartment and one or' more additional sleeper
compartments might also incorporate concepts of the present invention. It IS 10 be
appreciated that the phrase "sleeper comparntment” is 10 be interpreted as a
compartment that a person may occupy {o sleep, rest, or otherwise occupy when not

in the driver compartment.
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[0014] The shown embodiments of the present invention include a first
apparatus 20 adapted to provide occupant comfort air 22 (e.g., heated air, coaled air,
or ventilating air) to at least the driver compantment 14. To facilitate an occupant
comfort air stream, the first apparatus 20 may include a first apparatus fan 29
adapted to produce the air stream directed into at least the driver compartment 14.
The present invention further includes a second apparatus 30 adapted to provide
accupant comfort air 52 (e.g., heated air, cooled air, or ventilating air) to at least the
sleeper compartment 16. The second apparatus 30 might also include a second
apparatus fan 58 adapted to produce an accupant comfort air stream directed at least
into the sleeper compariment 16,

[0015] In certain embodiments, the driver compartment 14 is segregated from
the sleeper compartment 16. For example, the compartments might be independent
compartments that are permanently segregated from one another, or might comprise
compartments or rooms that are selectively segregated from one another with a
closure, such as daors, drapes, or the [ike. In embadiments where the driver
compartment 14 is segregated from the sleeper compartment 16, the first apparatus
20 might only or substantially be adapted to provide occupant comfort air in the driver
compariment 14 and the second apparatus 30 might only or substantially be adapted
to provide occupant comfort air in the sleeper companment 16. In other exampies,
the first apparatus 20 and the second apparatus 30 might have the ability ta provide
occupant comfort air in the driver and sleeper compartments. For instance, in the
absence of segregation between the driver compartment 14 and sleeper
compartment 16, occupant comfort air 22 may diffuse or pass into the sleeper
compartment 16 or, in the case of heating or cooling, there might be significant heat

transfer between the sleeper compartment 16 and driver compartment 14. Similarly,
6
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in the absence of segregation between the driver compartment 14 and sieeper
compartment 16, occupant camfort air 52 may diffuse or pass into the driver
compartment 14 or there might be significant heat transfer between the driver
companiment 14 and the sleeper compartment 16.

[0018] The first apparatus 20 can comprise a first air cooling unit 20a adapted
to cool air at least in the driver compartment 14 of the vehicle when a pawer saurce
82 of the vehicle is operating. The first air cooling unit 20a, if provided, can include a
compressar 21, a condenser coil 27, a condenser fan 26 and an evaparator coil 28.
Air coaling units described throughout the application can also include a separate
expansion device. For example, the iliustrated first air cooling unit 20a can include an
expansion device 23. Expansion devices throughout this application can comprise an
expansion valve, expansion capiliary tube or the like. While the iliustrated
embodiments throughout the application schematically depict the expansion device
separately from the carresponding evaporator coil, it is contempiated that the
corresponding evaporator coil might incorporate the expansion device or iIncorporate
the functionality of the expansion device.

[0017] The first apparatus 20 can also comprise a first heater unit 20b. In
certain embodiments, the first apparatus 20 includes either the first air cooling unit
20a or the first heater unit 20b. In further embodiments, the first apparatus 20
includes both the first air cooling unit 20a and the first heater unit 20b as shown in
FIGS. 2-3. The first heater unit 20b, if provided, can include a heat exchanger 24
adapted to receive waste heat from a coolant circuit 25 of the power source 82 of the
vehicle 10. A fiuid pump 19 can be provided that is adapted to circulate fluid through

the heat exchanger 24.
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[0018] The power source 82 of the vehicle 10 can comprise a combustion
engine, elsctric moior, aor the like. The power source B2 can be used to power one ar
mare graund engaging wheels 80 and can also simultaneously power the first
apparatus 20. In one example, a baftery provides direct power ta the first apparatus
20 and the power source 82 recharges the battery such that the power source 82
indirectiy provides pawer ta the first apparatus 20. Fuel, such as electricity or
combustible fuel or the like, may be used to operate the power source 82. In a
parked condition, the power source 82 is not needed to power the ground engaging
wheels 80. Haowever, if occupant comfort air is to be provided by the first apparatus
20, the power source 82 must remain in operation for directly powering the first
apparatus 20 and/or continued charging of the battery tor indirectly powering the first
apparatus 20. Far example, the power source 82 may be needed 1o recharge a
battery that powers the first apparatus 20. In certain applications, idle running of a
power source when the vehicle is parked can cause excessive wear and tear, require
undue fuel consumption, and/ar present an environmental concern.

10019] As apparent in partial schematic layout in Fig. 1, the example vehicle
10 includes several of ground engaging wheels 80 with the power source 82 adapted
to power the first apparatus 20 and at jeast one, but possibly multiple, ground
engaging wheeis 80. For example, the power saurce 82 can power the fluid pump
19, comprassor 21, condenser fan 26 and the first apparatus fan 28 when the power
source 82 is running. Therefore, as shown herein, the apparatus 20 can include a
first air cooling unit 20a and/or a first heater unit 20b adapted 10 provide conditioned
air (e.g., cooled or heated air) to at least the driver compartment 14 of the vehicie 10

with energy from the power saurce 82 at |east further adapted to power the ground

engaging wheels 80.
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[0020] Embodiments of the present invention further include a second
apparatus 30 adapted to provide occupant comfort air 52 (e.g., heated or cooled air)
10 at least to the sleeper compartment 16. Although possible in certain arrangements,
ane or more components af the second apparatus 30 do not necessarily rely on the
power saurce 82 far power. Accordingiy, it may be possibie to provide occupant
comfort air in the sleeper compartment 16 without running the power source 82 used
to power the ground engaging wheels 80.

[0021] As shown schematically in Fig. 2, the second apparatus 30 includes a
second apparatus fan 68 adapted to produce an accupant comiart air stream direcied
at least into the sleeper compartment 16. The second apparatus 30 further includes a
first heat transfer device and a secand heat transfer device that are either boih
adapted to heat or both adapted to caool the sleeper companment 16. |t IS 1o be
appreciated that heat transfer is intended to mean coaling or heating. Although not
necessary, the second apparatus 30 might include additional heat transfer devices.
For example, the second apparatus 30 nught include first and second heat transfer
devices that are hoth adapted to cool the sleeper compartment and third and fourth
heat transfer devices that are both adapted to heat the sleeper compartment.

[0022] In applications where the second apparatus 30 is adapted to heat the
sleeper compartment 16, the second apparaius 30 can include a second heater unit
30D with the first heat transfer device comprising an electrical heating element 66a,
such as any device adapted to produce heat from electricity, and the second heat
transfer device comprising another heat exchanger 66b operably cannecied to the
fluid coolant circuit 25 of the power source. Accardingly, at least ine electrical heating

element 66a may be employed to provide heat 10 the sieepéer compartment 16 when

the power source 82 is not operating and at least the heat exchanger 66b of the
O
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second heater unit 30b may be employed to provide heat to the sleeper comparnment
16 when the power source 82 is operating.

[0023] in example embodiments, the vehicle may inciude a cantrol
mechanism 70 such that it is configured to permit aperation of the heat exchanger
66b of the second heater unit 30b and prevent operation of the electrical heating
slement 66a when the power source 82 is operating and configured to permit
operation of the electrical heating element 66a and prevent operation of the heat

exchanger 66b when the power saurce 82 is not aperating. In further example

embodiments, the control device 70 may be configured to permit operation of the heat
exchanger 66b of the second heater unit 30b and permit aperation of the electrical
heating element 66a regardiess of whether the power source 82 is operating.

[0024] In applications where the second apparatus 30 is adapted 10 Cooi the
sleeper compartment 16, the second apparatus 30 can include a second air cooling
unit 30a including an auxiliary compressor 76, an auxiliary condenser cail 36, and an
auxiliary condenser fan 34, A wide variety of auxiliary condenser fans may be used
with second air cooling units in accordance with the embodiments of the present
invention. In example embodiments, the second cooling unit can include an auxijiary
axial condenser fan to provide a compact fan design that reduces the overall size of
the air conditioning assembly when compared to second cooling units including a
centrifugal condenser fan. In additional example embodiments, the second cooling
unit can inciude an auxiliary direct current condenser fan to provide more airflow and
consume less power than comparable alternating current condenser fans. In further
example embadiments, the second cooling unit can include an auxiliary direct current
axial condenser fan, rather than an alternating current centrifugal condenser fan, 1o

reduce the size of the assembly, enhance airflow, and reduce power requirements.
10
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[0025] The first heat transfer device of the second apparatus comprises a first
auxiliary evaporator coil 602 operably connected between the auxiliary condenser coil
36 and the auxiliary compressor 76 and the second heat transfer device comprises a
second auxihiary evaporator coil 60b operably connected between the condenser coll
27 of the first apparatus 20 and the compressor 21 of the first apparatus 20.
Accordingly, at least the first auxiliary evaporator coil 60a may be employed to cool
the sieeper compartment 16 when the pawer source 82 is not operating and at least
the second auxiliary evaporator coil 60b may be employed to coal the sleeper
compartment 16 when the power source 82 is operating.

[0026] in example embodiments, the control device 70 may be configured to
prevent aperatian of the first auxiliary evaporator call 60a and permit operation of the
second auxiliary evaporator coil 60b when the power source 82 is operating and can
further permit operation of the first auxiliary evaporator coil 60a and prevent aperation
of the second auxijliary evaporator coil 60b when the power source 82 is not
operating. In further embadiments, the vehicle may be configured to permit operation
of the first and second auxiliary evaporator coils 60a, 60b regardiess of whether the
power source 82 is operating.

' [0027] In applications where the second apparatus 30 is adapted to heat and
cool at least the sleeper compértment, the secand apparatus includes the second ar
cooling unit 30a and the second arr heating unit 30b. At least the first auxiliary
evaporator coil 80a may be employed 10 cool the slesper compartment and at least
the electrical heating element 66a may be used 10 alternatively heat the sleeper
companiment when the power source 82 is nat operating. In addition, at |east the

second auxiliary evaporator coil 60b may be empioyed 10 cool the sleeper

compartment and at least the heat exchanger 686b of the second heater unit 30b may
11
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be used to provide heat to the sleeper compartment when the power source 82 is
operating. In this embaodiment, the control device 70 may be configured to prevent
operation of the first auxiliary evaporator coil 60a and the electrical heating element
66a and permit aperation of the secand auxihary evaporator coil 6Qb and the heat
exchanger 66b of the second heater unit 30b when the power source 82 is operating.
In addition, the control device 70 may be canfigured to permit operation of the first
auxiliary evaporator coil 602 and the electrical heating element 66a and prevent
operation of the second auxiliary evaparator coil 60b and the heat exchanger 66b of
the second heater unit 30b when the pawer source 82 is not operating.

[0028] The control mechanism 70 is depicted schematically in FIGS 2 and 3
and it is understaod that various types of cantrol mechanisms may be used to achieve
the intended result of selective aperation of the first and second heat transfer devices
of the second apparatus based on whether the power saurce 82 is operating as
discussed above. For example, the control mechanism may comprise a mechanical,
electrical and/or mechanical/electrical arrangement to activate selected portions of
the vehicle to provide appropriate heating and cooling functions. Moreover, control
mechanism 70 provided in accordance with the present invention may he operably
connected to a user input device 71 to permit entry of desired HVAC commands (e.g.,
hear, coal, etc.) for environmental control of the sleeper and/or driver compartments.
The input device 71 might also have programming sequences to adjust the
temperature based on the time of day and/or whether the power source 82 is
operating.

[0029] As further illustrated in Fig. 2, the second air cooling unit 30a can

inciude an exterior assembly 32 and an interior assembly 30 as described, for

example, in U.S. Patent Application Serial No. 10/827,937, filed August 27, 2004,
12
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which is herein incorperated entirely by reference. The exteriar assembly 32 can be
mounted to a location outside the interiar area 12 of the vehicle 10. For example, as
shown in Fig. 1, the exterior assembly 32 can be mounted to a rear side of the
sleeper cap 15. Although nof shown, the exterior assembly 32 might be mounted to
another side surface, a top surface or a bottam surface of the sleeper cab 13 or might
be mounted at another Jocation outside the interior area 12 aof the vehicle 10.

[0030]1 As shown in Fig. 2, the exterior assembly 32 can comprise the auxiliary
condenser coil 36 and the auxiliary condenser fan 34. The auxiliary condenser coll
36 may be positioned within an interior area of a housing 38 of the exterior assembly
32 wherein the auxiliary condenser coil 36 may be located within the housing. One or
more offset brackets 35 may be provided mount the auxiliary condenser coil 36 and
auxiliary condenser fan 34 to a support surface while offsetling the auxiliary
condenser coil 36 from the support surface. Offseiting the auxiliary condenser coil 36
from the support surface provides an offset space 39 that permits circulation of air
between the auxiliary condenser cail 36 and the support surface.

[0031] The interior area of a vehicle is often limited and it is often desired 1o
reduce components within the interior area to enlarge the available space within the
vehicle. Accordingly, locating the auxiliary condenser coil 36 and the auxiliary
condenser fan 34 outside the interior area 12, reduces interior area required to house
the second apparatus. Therefore, an interior and exteriar assembly may be provided
in applications wherein the intenor area 1s limited such that installation of a second

apparatus would otherwise be prohibited. Reducing the interior space requirements
also frees additional interiar space for ather vehicle components that might not
otherwise be installed due to excessijve space requirements of a second apparatus

mounted entirely within the interior area of the vehicle. Still further, a condenser fan
13
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can present a significan! naise concem for the driver and other vehicle accupants.
Therefore, locating the auxiliary condenser fan 34 ocutside the intenor area 12 can
significantly reguce the noise poliution within the interior area 12 of the vehicie.

[0032] The interior assemply S0 can be mounted within driver compartment 14
or the sleeper compartment 16 of the interior area 12 of the vehicle 10. In one
particular embodiment, the interior assembly 50 might be mounted underneath a bed
located in the sleeper comparment 16. As shown in Fig. 2., certain empodiments of
the interior assembly 50 can include the first auxiliary evaporator coil 60a, the
auxiliary compressor 76, the electrical heating element 66a, the heat exchanger 66b
of the second heater unit 30b and the second auxiliary evaparator cail 60b. Including
one or more of the referenced components as part of the interior assembly can
prevent an oversized exterior assembly that might not be feasible in centain vehicle
applications. Oversized exterior assemblies may present various instailation
obstacles and can increase air resistance of the vehicle. For example, an oversized
exterior assembly may not fit undemeath the lower wall of a sleeper cab 1 5. Locating
an oversized exterior assembly on the roof of the sieeper cab 15 may increase the
overall haeight of the truck above a maximum regulated height and can increase the
air resistance of the vehicle. Moreover, it may not be possibie 1o locate an oversized
exterior assembly behind the sleeper cab 15 due to interference with other portians of
the vehicle (e.g., a truck traiier).

[0033] In order to simplify installation, the interior and/or exterior assembly
can comprise low jass quick connect inlet and outlet ports. A low j0sS quick connect
nort can comprise any joint, fitting or partion thereof that facilitates fiuid connection
and/ar disconnection between two conduits without significant leakage of fiuid to

and/or from the conduits during the connection and/or disconnection process. As
14
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shown in Fig. 2, the exterior assembly 32 can comprise a first iow loss quick connect
inlet port 40a and a first iaw loss quick connect autlet part 40b. Similarly, the interior
assembly 50 can comprise a second low [0ss quick connect jniet port 41a and a

second low loss quick connect outlet port 41b.

[0034] A low loss quick connect line can also be used 1o operably connect the
exterior assembly to the interior assembly. A low loss quick connect line can
comprise any conduit adapied to connect with at ieast two fluid ports without
significant leakage of fluid during connection and/or disconnection of the low 0SS
quick connect line with the ports. For example, the second apparatus 30 can include
a first low loss quick connect line 56a and a second low lass quick connect line 56b 10
operably connect the exterior assembly 32 to the interior assembly 50. The first low
loss quick connect line 56a can operably connect the first low joss quick connect iniet
port 40a of the exterior assembly 32 with the second low l0oss quick connect outlet
port 41b of the interior assemply 50. Similarly, the second low loss guick connect line
§6b can operably connect the second low loss quick connect inlet port 41a of the
interior assembly 50 with the first low loss quick connect outlet port 40b of the exteriar
assembly 32.

[0035] In further embodiments, the first low loss quick connect line 56a and
the second low loss guick connect line 56b can comprise a singie overall line, the
exterior assembly can comprise an overall port including botn the low loss qQuick
connect inlet and outiet ports of the exteriar assembly, and the interior assembly can
comprise an overall port inciuding both the low loss quick cannect iniet and outiet
ports of the interior assemply. In one particular example embodiment, ihe single
overall line can comprise a coaxial line with ihe first low loss quick connect line being

coaxially aligned with the second quick connect line. Providing a singie overall line
15
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may simplify operabie connection of the interior assembly and the extenar assembly
while minimizing the chance of potential refrigerant fluid loss. Indeed, a single overall
iine would anly involve two connection steps, rather than four connection steps 1n
applications where the first and second low {oss quick connect lines are separate
from ane another.

[0036]) Installation of the second apparatus 30 may be further simplified by
providing the exterior and interior assembly as a kit with respective condenser and
evaparator coils including precharged refngerant fluid. Precharging the coils with
refrigerant fiuid reduces instaliation time and possible environmental spilis dunng
installation procédures. Prior to installation, the second apparatus may also be tested
and optimized without requiring discharge of refrigerant material that might otherwise
be necessary in applications that do not include precharged cails. Discharge of
refrigerant material also requires additianal preparation time and increases the

likelihood of inadvertent leakage to the environment.

[0037] An exampie method of preparing an example air cooling kit will naw be
descriped. The exterior assembly 32 is provided with the auxiliary condenser fan 34
and the auxiliary condenser coil 36. The interior assembly 50 is also provided with
the second apparatus fan 58, the auxiliary compressor 76 and the first auxiliary
evapoarator coil 60a. The auxiliary condenser coil 36 and the first auxiliary evaparator
coil 80a can then be independently or simultaneously charged with refrigerant fluid
prior to operable connection of the interior and exterior assemblies. Alternatively, the
exterior assembly 32 may be operably connected to the interior assembly 50 prior 10
charging the system with refrigerant fluid. Once operably connected, the first auxiliary
svaparator coil 60a and the auxiliary condenser coil 36 may be simultaneously

charged with a single charging siep. If desired, the secand apparatus 30 may then be
18
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tested and optimized 1o obtain the desired specifications. The exterior assembly 32
and the interior assembly 50 may then be disconnected from one another while the
respective auxiliary caondenser coil 36 and the first auxiliary evaparator coil 60a
remain charged. The use of low loss gquick connect inlet and outlet ports and Iow loss
quick connect jines may also further simplify providing a kit with precharged
condenser and evaporator coils such that the precharged refrigerant fluid of the
candenser coil is isolated from the precharged refrigerant fluid of the evaporator coll
until subsequent operable connection of the exterior assembly with the interior
assembly during installation procedures.

[0038] In further embadiments of the present invention, another vehiclie 110 is
provided with a second apparatus 130 that comprise a singie, non-divided unit. The
non-divided unit can be adapted 10 be positiocned entirely within the interior area 12,
such as the sleeper compartment of the vehicle. Far example, Fig. 3 depicts an
alternative embadiment including the single, non-divided second apparatus 130
wherein many elements of the vehicle have identical reference numbers and
corresponding functions and features as described with respect to Figs. 1 and 2.
Moreover. the second air cooling unit 130a can include a coolant circuit that 1s not
divided between an interiar area and an exterior area by way of low loss quick
cannect intet and outlet ports and lines. Rather, as shown, the auxiliary condenser
coil 36 is directly connected between the auxiliary compressor 76 and the expansion
device 3/.

[0039] While components of the first apparatus 20 are adapted to be powered
directly or indirectly by the power source 82, components of the second ap paratus 30,
130 herein may bhe powered by a direct current (DC) power supply 72 of by an

alternating current (AC) power supply 74. Thus, the second apparatus 30, 130is
17
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configured to receive power from a DC power source, or alternatively, from an AC
power source to provided alternative power sources for the second apparatus 30,
130. DC and AC current may be provided by a generartor, fuel cell, inverter/battery
pack, or by shore power, ar the like. Still further, the DC ar AC power supply may
also be adapted to simuitaneously aperate the first apparatus 20 in addition to the
second apparatus 30, 130 to permit conditioning of air in bath the driver and sieeper
compariments without operation of the power source 82.

[0040] An example method of using the apparatus will now be described with
reference to one embadiment of the present invention. For instance, the first
apparatus 20 can be configured to receive power directly or indirectly from a power
source 82 (e.g., the engine of the vehicle). The second apparatus 30, 130 can be
provided with 8 DG power source 72, such as a pattery, that might be attached to an
exterior ar provided in the interior of the vehicle. Commands may be entered into the
user input device 71 to provide a predetermined temperature in the driver
compartment 14 when the vehicle is aperating and provide a second predetermined
temperature in the slesper compartment 16 when the venhicle is not operating. Once
the appropriate commands are entered in the input device 71, signals are transmitted
fo the first apparatus 20 to control the temperature of the driver compartment.
Similarly, signals are transmitted to the control mechanism 70 such that the second
apparatus 30, 130 can contral the iemperature in the sleeper companment. The
control mechanism can automatically switch between operational components
depending on whether the power SOUrCe 82 is operating. f operating, the control
mechanism 70 can permit operation of heat exchanger 66b or the second auxiliary
evaparator coil 60b. Once the power Source 82 is deactivated, the control

mechanism 70 can automatically switch to permit operation of the electrical heating
18
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element 66a or the first auxiliary evaporator coil 60a by the DC power source 72.
Thereby, temperature control of the sleeper compartment can be automatically
maintained regardless of whether the power source 82 s aperating.

[0041] The driver conﬁpaﬂment and sleeper compartment might be
operational at the same or different temperatures when the power source 82 is
operating. This sefting might be particularly useful where a passenger Is resting in
the sleeping compartment and the driver 1s operating the venicie in the driver

compartment.

[0042] From the above description of the invention, thase skilled in the an will
perceive improvements, changes and modifications. Such impravements, changes

and maodifications within the skill of the art are intended to be cavered by the

appended claims.
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CLAIMS

What is claimed:

1. A vehiCle comprising:

an interior area including a driver compartment and a sleeper compartment;

a first apparatus accupant comfort air at least in the driver compartment the
first apparatus inciuding a first apparatus fan;

a ground-engaging wheel;

a power source adapted to power the first apparatus and the ground-engaging
wheel when the power source is operating;

a second apparatus adapted to provide occupant comfaort air at least in the
sieeper companment, the second apparatus including a first heat transfer device, a
second heat transfer device and a second apparatus fan adapted 1o facilitate air flow
with respect to the first and second heat transfer devices to provide conditioned air at
least in the sleeper companment, wherein the first and second heat transfer devices
are either both adapted to heat or both adapted to cool the sleeper compartment; and

a control mechanism adapted to permit operation of the second heat transfer
device and prevent operation of the first heat transfer device when the power source
is operating and adapted to permit operation of the first heat transfer device and

orevent aperation of the second heat transfer device when the power source 1S not

operating.

2 The vehicle of claim 1, wherein the first apparatus comprises a first arr
cooling unit including a compressar, a condenser coil, a condenser fan, and an

evaporator coil, wherein the second apparatus comprises a second air caoling unit
20
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Inciuding an auxiliary compressor, an auxiliary condenser caoil, and an auxiliary
condenser fan, and wherein the first heat transfer device comprises a first auxiliary
evaporator cail aperably connected between the auxiliary condenser coil and the
auxiliary compressor and the second heat transfer device comprises a second

auxiliary evaporator cojl aperably connected between the condenser cail of the first

apparatus and the compressor aof the first apparatus.

3. The vehicle of claim 2, wherein the auxiliary condenser fan comprises a

direct current axial fan.

4. The vehicle of claim 2, wherein the second apparatus inciudes an exterior
assembly mounted to a location outside the interior area, the exterior assembly
comprising the auxiliary condenser coil and the auxiliary condenser fan, the second
apparatus further including an interior assembly operably cannected with the exterior
assembly and mounted within the interior area, the interior assembly comprising the
first and second auxiliary evaporator coils, the auxiliary compressor and the second

apparatus fan.

5 The vehicie of claim 4, further comprising at least one low loss quick

connect refrigerant line operably connecting the interior assembly and the exterior

assembly.

6. The vehicle of claim 4, wherein the interior assembly and the exterior

assembly each comprise at least one low 108S quick connect part.
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7. The vehicle of claim 1, wherein the first apparatus comprises a first heater
uhit including a heat exchanger aperably connected to a caolant circuit of the power
saurce and a fiuid pump adapted to circulate fluid through the heat exchanger,
wherein the second apparatus comprises a second heater unit, wherein the first heat
transfer device comprises an electrical heating element and the second heat transfer

device comprises another heat exchanger operably connected to the coolant circuit of

the power source.

8. The vehicle of claim 7, wherein the 1;irst apparatus further comprises a first
air cooling unit including a compressor, a condenser coil, a condenser fan, and an
evaporator coil, wherein the second apparatus further comprises a second air cooling
unit including an auxiliary compressor, an auxiliary condenser cail, an auxiliary
candenser fan, a first auxiliary evaporator coil operably connected between the
auxiliary condenser coil and the auxiliary compressor and a second auxiliary
evaporator coil operably connected beiween the condenser coil of the first apparatus
and the compressar of the first apparatus, wherein the contral mechanism s further
adapted to permit operation of the second auxiliary evaporator coil and prevent
operation of the first auxiliary evaporator coll when the power source is operating and
adapted to permit operation of the first auxiliary evaporator cail and prevent operation

of the second auxiliary evaporator coil when the power source is not operating.

g The vehicle of claim 1, wherein the secand apparatus is adapted 1o operate
entirely on an AC power supply and wherein the second apparatus is further adapted

to operate entirely on a DC power supply.
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10. The vehicle of claim 1, comprising a truck.

11. The vehicle of ciaim 10; wherein the truck incjudes a driver cab and a

sleeper cab cannected 1o the driver cab.

12. Tnhe vehicle of claim 11, wherein the driver cab comprises the driver

compariment and the sleeper cab comprises the sleeper comparnment.

13. A vehicle comprising:

an interior area including a driver campartment and a sleeper comparnment;

a first apparatus adapted to provide accupant comfort air at |east in the driver

compariment;

a ground-engaging wheei;

a power source adapted to power the first apparatus and the ground-engaging
whee! when the power source is operating,

a second apparatus adapted to provide occupant comfoert air at least air in the
sleeper compartment, wherein the second apparatus is adapted to operate entirely on

an AC power supply and wherein the second apparaius is further adapted to operate

entirely on a DC power supply.

14. The vehicle of ciaim 13, wherein the first apparatus comprises a first air
cooling unit inciuding a compressor, a condenser coil, a condenser fan, and an

evaporator coil, wherein the second apparatus comprises a seconad air cooling unit

including an auxiliary compressor, an auxiliary condenser coil, and an auxihary

candenser fan, a first auxiliary evaporator Colil operably cannected between the

23
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auxiliary condenser coil and the auxiliary compressor and a second auxiliary

evaporator coil operably connected between the candenser coil of the first apparatus

and the compressor of the first apparatus.

158. The vehicle of claim 14, further comprising a control mechanism adapted
to permit operation of the second auxiliary evaporator cail and prevent operation of
the first auxiliary evaporator coil when the power saurce is operating and adapted o

permit operation of the first auxiliary evaporator cail and prevent operation of the

second auxiliary evaparator coil when the power source is not operating.

16. The venhicle of claim 13, wherein the first apparatus comprises a first
heater unit including a heat exchanger operably connected to a coolant circuit of the
power source, and wherein the second apparatus comprises a second heater unit
comprising an electrical heating element and another heat exchanger operably

connected to the coolant circuit of the power source.

17. The vehicle of claim 186, further comprising a control mechanism adapted
to permit operation of the heat exchanger of the second apparatus and prevent
operation of the electrical heating element when the power source is operating and
adapted to permit operation of the electrical heatling element and prevent operation of

the heat exchanger of the second apparatus when the power source is not operating.

18. The vehicle of claim 13, comprising a truck with a driver cab including the

driver compartment and a sleeper cab comprising the sleeper compartment.
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19. A vehicle comprising:

an interior area including a driver compartment and a sleeper companment;

a first apparatus adapted to provide occupant comfort air at least in the driver
compartment, the first apparatus comprising a first heater unit including a heat
exchanger and a fluid pump adapted to circulate fluid through the heat exchanger, the
first apparatus further inciuding a first air cooling unit including a compressor, a
condenser coijl, a condenser fan, and an evaporator coil, the first apparatus further

comprising a first apparatus fan adapted to facilitate air flow with respect {o the heat

exchanger and the evaporator coul,

a ground-engaging wheel;

a power source adapted to power the fluid pump, the compressar, the
condenser fan, the first apparatus fan and the ground-engaging wneel when the
power source is operating, the power source including a fluid coalant circuit in fiuid
communication with the heat exchanger,; and

a second apparatus adapted 1o provide occupant comfort air at least in the
sieeper compartment, the second apparatus comprising a second heater unit
comprising an electrical heating element and another heat exchanger operably
connected to the fiuid coaolant circuit of the power source, the second apparatus
further comprising a second air cooling unit including an auxiliary compressaor, an
auxiliary condenser coil, an auxiliary condenser fan, a first auxiliary evaporator coil
operably connected between the auxiliary condenser coil and the auxiliary
compressor, and a secand auXiliary evaporator coil operably connected between the

condenser coil of the first apparatus and the compressar of the first apparatus, the

second apparatus further including a second apparatus fan adapted to facilitate air
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flow with respect o the electrical heating element, the heat exchanger of the second

apparatus, the first auxiliary evaporator coil and the second auxiliary evapaorator call,
wherein the second apparatus fan, the electrical heating element, the auxiliary

compressor and the auxiliary candenser fan are adapted 1o operate entirely on an AC

power supply and also adapted to operate entirely on a DC power supply.

20. The vehicle af claim 19, further camprising a control mechanism adapted
to permit operation of the secand auxiliary evaporator coil and the heat exchanger of
the second apparatus and prevent operation of the first auxiliary evaporator coil and
the electrical heating element when the power source is operating; and wherein the
~ontral mechanism is further adapted to permit operation of the first auxiliary
evaporator coil and the electrical heating element and prevent operation of the

second auxiliary evaporator coil and the heat exchanger of the second apparatus

when the power saurce is not operating.
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