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120, a fresh air duct 214, a heat exchanger 208, and first 212 and second
206 doors. The return air duct has a return air inlet 134 and a return air

outlet 136 downstream of the return air inlet. The fresh air duct has a
fresh air inlet 128 and a fresh air outlet 130 downstream of the fresh air
inlet. The heat exchanger thermally-coupled to the return air duct and the
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AIR CONDITIONING SYSTEM UTILIZING HEAT RECOVERY VENTILATION
FOR FRESH AIR SUPPLY AND CLIMATE CONTROL

FIELD OF THE INVENTION

[0001] This invention generally relates to air conditioning systems, and more

particularly to air conditioning systems utilized in motor vehicles.

BACKGROUND OF THE INVENTION

[0002] There have been various developments in recent years to make all aspects of
motor vehicles more efficient. Such increases in efficiency reduce cost and have a positive
environmental impact. Large vehicles such as tractor-trailers that are heavily relied on to
handle contemporary shipping demands for goods and raw materials are no exception.
Indeed, there have been many notable advances with these types of vehicles to make the same
more cfficient. However, as the cost of fuel continues to rise, there is a continuous effort to

offset this increased operating cost by utilizing leaner, lower-cost tractor-trailer type vehicles.

[0003] One aspect of the aforementioned tractor-trailer vehicles that has received a
significant amount of attention from a cost reduction perspective is the heating, ventilation,
and air conditioning (HVAC) system utilized therein. As one example, there has been a
growing use of HVAC systems in tractor-trailers that utilize both an engine operated and an
electrically operated configuration to provide heating/cooling. Such a system advantageously
provides for HVAC service when the engine is running while a driver is operating the
vehicle, as well as HVAC service when the engine is not running while a driver is resting in
the vehicle. As another example, there has been a growing desire to make each of the various
components within an air conditioning loop more efficient, by improving their thermal

performance and power consumption.

[0004] While contemporary HVAC systems have vastly improved driver comfort and
vehicle flexibility, there is an ongoing need to make such systems more efficient. The
implementations described herein provide various improvements upon the above described
HVAC systems. These and other advantages will be apparent from the description provided

herein.
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BRIEF SUMMARY OF THE INVENTION

[0005] One way to increase the efficiency of an HVAC system is to provide, as input
to the HVAC system, air having an inlet temperature and relative humidity that will reduce
the thermal load placed on the HVAC system. Similarly, in order to maximize user comfort
and safety, it is beneficial to be able to control how much fresh air and how much recirculated
air (e.g., stale air from the conditioned space) is introduced to a conditioned space. However,
the particular target conditions for a conditioned space are highly variable, and depend on
many factors, such as user preference, solar loading, time-of-day, and so on. Similarly, the
ambient conditions at any given time (e.g., the current interior temperature/humidity, current

exterior temperature/humidity) are extremely variable.

[0006] Thus, it would be beneficial to provide a dynamic heat and/or energy recovery
ventilation systems and methods that can adjust, in real-time, to the changing target demands

and environmental conditions that a vehicle HVAC system might experience.

[0007] In accordance with some implementations, a vehicle ventilation module is
provided. The vehicle ventilation module comprises a return air duct having a return air inlet
and a return air outlet downstream of the return air inlet; a fresh air duct having a fresh air
inlet and a fresh air outlet downstream of the fresh air inlet; and a heat exchanger thermally
coupled to the return air duct and the fresh air duct, wherein the heat exchanger is upstream
of the return air outlet and the fresh air outlet, and downstream of the return air inlet and the
fresh air inlet. The ventilation module further comprises a first door joining the return air
duct and the fresh air duct upstream of the heat exchanger; and a second door joining the
return air duct and the fresh air duct downstream of the heat exchanger. The first door and
the second door are operable to selectively open and close in order to allow air to pass

between the fresh air duct and the return air duct.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The implementations disclosed herein are illustrated by way of example, and
not by way of limitation, in the figures of the accompanying drawings. Like reference

numerals refer to corresponding parts throughout the drawings. In the drawings:

[0009] FIG. 1 is a schematic representation of an embodiment of a vehicle ventilation
module that utilizes heat recovery ventilation for fresh air supply and climate control

according to the teachings of the present invention;
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[0010] FIG. 2A is a schematic representation of an embodiment of the vehicle

ventilation module in a first mode of operation;

[0011] FIG. 2B is a schematic representation of the vehicle ventilation module of

FIG. 2A, shown in a second mode of operation;

[0012] FIG. 2C is a schematic representation of the vehicle ventilation module of

FIG. 2A and 2B, shown in a third mode of operation;

[0013] FIG. 3 is a flow chart of a method for conditioning air provided to an interior

compartment of a vehicle;

[0014] FIG. 4 is a schematic view of another embodiment of an air conditioning
system utilizing heat recovery ventilation for fresh air supply and climate control according

to the teachings of the present invention; and

[0015] FIG. 5 is a schematic view of another embodiment of an air conditioning
system utilizing heat recovery ventilation for fresh air supply and climate control according

to the teachings of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] FIG. 1 is a schematic representation of an embodiment of a vehicle 100, such
as an over-the-road commercial truck, with a ventilation module that utilizes heat recovery
ventilation for fresh air supply. While the figures and description contemplate an over-the-
road commercial vehicle, those skilled in the art will recognize that the systems and methods

described herein are equally applicable to other types of vehicles.

[0017] In some embodiments the vehicle includes a cab 108. A vehicle operator may
operate the vehicle 100 from within the cab 108. Some embodiments also include a sleeping
arca 104 containing one or more beds 110 on which the vehicle operator 112 or passenger
may sleep or rest. In some embodiments, the sleeping area 104 is separated from the cab 108
by a retractable curtain or door, which may thermally separate the cab 108 from the sleeping
arca 104. In some embodiments, the sleeping area 104 is located within the outer shell of the
vehicle cab between a back end wall 114, and a pair of sidewalls 118 extending generally
perpendicular to the back end wall 114. The bed 110 is typically provided along the back end
wall 114 of the sleeping area 104 with one side adjacent the back end wall 114 and two other
sides or ends adjacent the sidewalls 118. Thus, three sides of the bed 110 are typically

encompassed or surrounded by the shell of the sleeping area 104. This leaves an open side of

3
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the bed 110 along the front where a person can maneuver into and out of the bed 110. The

bed 110 is typically elevated a few feet above the floor of the sleeping area 110.

[0018] In some embodiments, the thermal environment of the cab 108 is controlled
with a primary ventilation module 106 (e.g. a heater and/or air conditioner). In some
embodiments, this ventilation module 106 is a traditional belt-driven air-conditioning system
mechanically coupled to the vehicle’s engine 109 to operate the primary ventilation module

106 when the engine 109 is running.

[0019] In some embodiments, the vehicle 100 includes an auxiliary ventilation
module 102 (e.g. a heater and/or air conditioner) to control the thermal environment of the
sleeping area 104. It should, however, be appreciated that the auxiliary ventilation module
102 may heat or cool the cab 108, or any other area of the vehicle, with or without the

assistance of the primary ventilation module 106.

[0020] The auxiliary ventilation module 102 includes an air outlet 116 that delivers
thermally conditioned air to the sleeping area 104, such as over the bed 110, as shown.
Where the sleeping area 104 includes more than one bunk bed, two outlets, one for each bed,
may be provided. In the illustrated embodiment, the outlet 116 is provided along the back
end wall 114. In other arrangements, the outlet 116 may be provided through the ceiling,
towards one or both of the corners between the back end wall 114 and side walls 118; along
the side walls 118; or at any other suitable location wherein thermally conditioned air is
expelled into the sleeping area 104. The auxiliary ventilation module 102 may be mounted
along the ceiling, above the cab, along the back end wall 114, beneath the bed 110, or in any

other suitable location.

[0021] In some embodiments, the auxiliary ventilation module 102 includes a fresh
air duct having an air inlet 128 for receiving fresh air 126 from outside the cab and sleeping
arca, and a fresh air outlet 130 for exhausting air 124 received through the fresh air inlet 128.
In some embodiments, the fresh air inlet 128 is a scoop to direct fresh air into the fresh air
duct while the vehicle is moving forward. In some embodiments, the auxiliary ventilation
module 102 also includes a return duct 120 having a return air inlet 134 and a return air outlet

136.

[0022] In use, thermally conditioned air is supplied to the interior of the vehicle 100
via a supply duct 132 and supply duct outlet 116. The air circulates within the vehicle, as

shown by arrow 135, and is thereafter drawn into the return air inlet 134, passes along the
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return duct 120 to the return duct outlet 136 where it is received by the auxiliary ventilation

module 102 to be reconditioned or exhausted.

[0023] FIG. 2A is a schematic representation of an embodiment of a system 200
containing a vehicle ventilation module 103 shown in a first mode of operation 250a. (The
vehicle ventilation module 103 is an exemplary embodiment of the vehicle ventilation
module 102 shown in FIG. 1.) The system 200 includes any suitable heating, ventilation, and
air conditioning (HVAC) system 226, such as a conventional vapor-compression refrigerant
loop having a compressor, condenser, expansion valve, evaporator, refrigerant lines, fittings,
condenser coils, valves, or other components for a vehicle based HVAC system. The HVAC
system 226 may provide heated air, cooled air, or both, and may also include multiple air
conditioning circuits or loops. For example, the HVAC system 226 may include a primary
circuit with a belt driven, engine operated compressor, and a secondary circuit with an
electrically driven compressor that is not dependent upon an engine for its operation. Either
or both of the aforementioned circuits may be utilized to provide temperature controlled air in

the system 200.

[0024] The system 200 also includes a vehicle ventilation module 103 positioned
upstream from HVAC system 226. As will be described in greater detail below, the vehicle
ventilation module 103 is responsible for pre-treating the air supplied to the HVAC system
226, which will ultimately be delivered to the passenger compartment (or other interior

compartment) of the vehicle.

[0025] As will be explained below, the vehicle ventilation module 103 utilizes heat
recovery and energy recovery ventilation to provide fresh air to the interior of the vehicle
while maintaining and improving climate control. The vehicle ventilation module 103 can
also transfer heat and humidity between the inside of the vehicle and the exterior of the
vehicle to provide more efficient cooling and/or heating of the interior of the vehicle. The
aforementioned functionality may be utilized for multi-season comfort and efficiency gains
by using the lowest inlet temperature available when in a cooling mode, or utilizing heat

recovery to maximize heating efficiency.

[0026] Those skilled in the art will recognize that when the HVAC system 226 is
operated using an electrically driven compressor, the vehicle ventilation module 103
advantageously reduces the thermal load on the HVAC system 226, ultimately reducing the
electrical power required to operate the HVAC system 226.
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[0027] The system 200 also includes a controller 222 in communication with at least
one sensor 220 located within the interior of the vehicle, as well as at least one sensor 224
located on the exterior of the vehicle. Sensors 220, 224 are responsible for communicating
climate based information to the controller 222. As such, these sensors 220, 224 may be
temperature sensors, thermostats, humidity sensors (e.g., hygrometers, sling psychrometers,
etc.), air speed sensors, air quality sensors for monitoring pollutant levels such as NOx and

CO, or the like.

[0028] In some embodiments, the controller 222 is also in communication with
HVAC system 226, as well as the vehicle ventilation module 103, and is operable to control
the respective functionalities thereof. In some embodiments, the controller 222 sends a
control signal to the HVAC system 226 to initiate the operation thereof, and more
particularly, initiate the operation of the engine and/or electrically operated circuit therein. In
some embodiments, the controller 222 sends a control signal to the vehicle ventilation
module 103 to control the amount of fresh air input into the interior of the vehicle from the

vehicle ventilation module 103, as described below.

[0029] In those embodiments where the interior sensor 220 includes an air quality
sensor and such a sensor detects an unacceptable amount of pollutants (e.g. NOx and/or CO)
in the interior of the vehicle, the controller 222 sends a control signal that allows the input of
fresh air into the vehicle, either through vehicle ventilation module 103, or by opening a door,
window, or vent on the vehicle in order to allow the interior air to be exchanged with fresh
exterior air. In yet another embodiment, where the interior sensor 220 includes an air quality
sensor and such a sensor detects an unacceptable amount of in interior pollutants, the
controller 222 may also turn on an interior air purification device (not shown), e.g., an air
ionizer, which removes various forms of viruses, bacteria, pet dander, mold, mildew, or the

like.

[0030] In some embodiments, where the interior sensor 220 determines that the
temperature of the interior air is warmer than the exterior air (as measured by the exterior
sensor 224), and the desired interior temperature is to be lowered, this same functionality is

used to exchange the warmer interior air with the cooler exterior air.

[0031] The vehicle ventilation module 103 includes a return air duct 120 that includes
a return air inlet 134 and a return air outlet 136 downstream of the return air inlet 134. The

return air outlet 136 is thermally (and typically fluidly) coupled to the HVAC system 226.
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The vehicle ventilation module 103 also includes a fresh air duct 214 having a fresh air inlet
128 and a fresh air outlet 130 downstream of the fresh air inlet 128. An example of the

placement and type of such ducts, inlets, and outlets is shown in FIG. 1.

[0032] The vehicle ventilation module 103 also includes a heat exchanger 208
thermally coupled to the return air duct 120 and the fresh air duct 214. The heat exchanger
208 is disposed upstream of the return air outlet 136 and the fresh air outlet 130, and
downstream of the return air inlet 134 and the fresh air inlet 128. In other words, the heat
exchanger 208 separates the inlets 134, 128 from the outlets 136, 130. The heat exchanger
208 may be an air-to-air heat exchanger as one example, although other types of heat

exchangers could also be utilized.

[0033] The heat exchanger 208 allows heat to be transferred between the return duct
120 and the fresh air duct 214 without the air in the ducts having to make contact (although as
shown below, the air in each duct mixes in certain modes). In some embodiments, the heat

exchanger 208 is a metallic radiator that has a high thermal conductivity.

[0034] The vehicle ventilation module 103 also includes a first door 212 joining the
return air duct 120 and the fresh air duct 214 upstream of the heat exchanger 208. These
doors are otherwise known as controllable vents or dampeners. Finally, the vehicle
ventilation module 103 includes a second door 206 joining the return air duct 120 and the
fresh air duct 214 downstream of the heat exchanger 208. The first door 212 and the second
door 206 are operable to selectively open and close in order to allow air to pass between the
fresh air duct 214 and the return air duct 120. These doors 212, 206 are selectively controlled
(e.g., opened and closed) by signals sent from the controller 222. In some embodiments, each
door can be opened by incremental amounts to allow more or less fresh air into the return
duct 120, or more or less return air into the fresh air duct 214. By controlling the doors, the
ventilation module allows for the recovery of a percentage of energy normally lost through
the fresh air outlet 130, so as to allow the HVAC system 226 to handle increased thermal load
required for heating or cooling fresh air without requiring a dramatic increase in the thermal

capacity of the HVAC system 226.

[0035] In some embodiments, optional additional doors are provided, such as the
third door 210 at the return air inlet 134. Closing this door prevents return air from
recirculating into the interior of the vehicle. Although not shown, when the door 210 is

closed, return air is routed or exhausted to the exterior of the vehicle, rather than through the
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ventilation module 103. Other doors may be provided at the other inlets 128 and outlets 136,
130. For example, a fourth door (not shown) is located at the fresh air inlet 128. The fourth
door is also selectively controlled (e.g., opened and closed) by signals sent from the
controller 222 in order to control the amount of fresh air being introduced into the system. In
some embodiments, the fourth door can be opened by incremental amounts to allow more or
less fresh air into the fresh air duct 214. In some embodiments, the amount of fresh air that is
introduced into the fresh air duct 214 (as modulated by the fourth door) is determined by the
controller 222 based on any appropriate consideration (e.g., interior or exterior air quality

levels, interior or exterior temperatures, interior or exterior humidity levels, and the like).

[0036] Also in some embodiments, one or more fans are provided at the inlets and
outlets 134, 128, 204, 130, 133, 136 to assist in moving air through the inlets, outlets or ducts.
In other embodiments, a flue (or Venturi tube) is connected to one or more of the outlets 136,

130 to assist in drawing air through the return duct 120 and/or fresh air duct 202.

[0037] FIG. 2B is a schematic representation of the vehicle ventilation module 103 of
FIG. 2A, shown in a second mode of operation 250b, while FIG. 2C is a schematic
representation of the vehicle ventilation module 103 of FIGS. 2A and 2B, shown in a third
mode of operation 250c. The first to third modes of operation are discussed below with

respect to FIG. 3.

[0038] FIG. 3 is a flow chart 300 of a method for conditioning air provided to an
interior compartment of a vehicle. Initially, a ventilation module, such as ventilation module
102, 103, 105, and/or 107 of FIGS. 1, 2A-2C, and 4-5, is provided (302) for a vehicle. In a
first mode of operation, a controller, such as controller 222 of FIG. 2A, determines: (i) it
would be beneficial to provide the HVAC system with air that is at a higher temperature
and/or provide the HVAC system with fresh air, and (i) that the return air is cooler and/or
has a lower relative humidity than the exterior air (304). The controller then closes the first
door 212 (FIG. 2A) (or ensures that it is already closed), and opens the second door 206 (FIG.
2A) (or ensures that it is already open) (306) as shown in FIG. 2A. For example, as shown in
FIG. 2A, the first door 212 is closed and the second door 206 is open when the return air is 75
degrees Fahrenheit and 50% relative humidity, and the temperature of the fresh air outside is
95 degrees Fahrenheit and 70% relative humidity. By closing the first door 212 and opening
the second door 206 under these conditions, the fresh air in the fresh air duct 214 passes over
the heat exchanger 208 that has been cooled by the lower temperature return air, thereby

transferring some of its heat to the heat exchanger 208. The return air in the return air duct
8
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120 also passes over the heat exchanger 208, thereby raising the temperature of the return air
to 85 degrees Fahrenheit with a 35% relative humidity. Conditioned fresh air that had its
temperature lowered from 95 degrees Fahrenheit, and 70% relative humidity, to 85 degrees
Fahrenheit, and 92% relative humidity, by passing over the heat exchanger 208, is mixed
with the conditioned return air by passing through the second door 206. Finally, the
conditioned mixture of fresh and return air at 85 degrees Fahrenheit, and 46.4% relative
humidity, is sent to the HVAC system, which may or may not need to further raise or lower

the temperature of the air before it is sent to the interior of the vehicle.

[0039] In a second mode of operation, the controller, such as controller 222 of FIG.
2A, determines that: (i) it would be beneficial to provide the HVAC system with fresh air
and/or with air having a lower temperature and/or relative humidity, and (ii) the return air is
warmer and/or has a higher relative humidity than the exterior air (308). The controller then
closes the second door 206 (FIG. 2B) (or ensures that it is already closed), and opens the first
door 212 (FIG. 2B) (or ensures that it is already open) (310), as shown in FIG’s. 2B and 3.
For example, as shown in FIG. 2B, return air entering the return air duct is at 70 degrees
Fahrenheit, and 50% relative humidity. The fresh air 126 introduced into the fresh air duct
214 is at 40 degrees Fahrenheit, and 40% relative humidity. The fresh air passes through the
opening provided by the open first door 212 and is mixed with the return air to condition the
return air to 60 degrees Fahrenheit, and 45% relative humidity. Both the partially
conditioned return air in the return duct and some of the fresh air in the fresh air duct pass
over the heat exchanger 208. This drops the temperature and/or relative humidity of the
return air from 60 degrees Fahrenheit, and 45% relative humidity to 50 degrees Fahrenheit,
and 32% relative humidity. This conditioned cooler return air is then passed to the HVAC
system, which may not need to further raise or lower the temperature of the air before it is
sent to the interior of the vehicle. The conditioned fresh air that passed over the heat
exchanger is now at 50 degrees Fahrenheit, and 30% relative humidity, and is exhausted to

the exterior of the vehicle.

[0040] In a third mode of operation, the controller, such as controller 222 of FIG. 2A,
determines that the system requires introducing a high percentage (e.g., 80-100%) fresh air
into the interior of the cabin (312). The controller then closes (or partially closes) the third
door 210 (FIG. 2C) (or ensures that it is already closed or partially closed), and opens the first
door 212 and/or the second door 206 (or ensures that they are already open) (314), as shown
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in FIG. 2C. By closing or opening the third door 210, the controller can control the amount

of return air that is recirculated.

[0041] In some embodiments, the doors include appropriate sealing, or in the
alternative, a valve, variable air flow device, or a damper. Those skilled in the art will
recognize that various configurations in this regard are possible. Furthermore, additional

doors or flow routing components may be included.

[0042] Turning now to FIG. 4, another vehicle ventilation module 105 is illustrated.
(The vehicle ventilation module 105 is an exemplary embodiment of the vehicle ventilation
module 102 shown in FIG. 1.) In this embodiment, doors 212, 206, which are included in
FIGS. 2A-2C, are omitted. The other components of the vehicle ventilation module 105 are
substantially the same as those described above with respect to the vehicle ventilation module
102, and the details of those components are not reproduced here. Moreover, for ease of
reference, the same reference numbers are used for components that are common between the

ventilation modules 102 and 105.

[0043] In the ventilation module 105, flow directing elements including but not
limited to fans, dampers, valves, etc. are utilized to pull all of the return air passing through
return air inlet 134 through heat exchanger 208 and out of fresh air outlet 130. Drawing the
return air through the heat exchanger 208 will cause some of the heat of the return air to be
transferred to the heat exchanger 208. Additional flow directing elements including but not
limited to fans, dampers, valves, etc. are also situated to route all of the fresh air received
through the fresh air inlet 128 through heat exchanger 208 and out of return air outlet 136.
With this operation, heat will be extracted from the return air, through the heat exchanger
208, and transferred to the fresh air, resulting in pre-heated fresh air being sent to the HVAC
system 226.

[0044] Specifically, as shown in FIG. 4, if the return air entering the return air duct
120 is at 80 degrees Fahrenheit, and 50% relative humidity, and the fresh air entering the
fresh air duct 202 is at 40 degrees Fahrenheit, and 30% relative humidity, the heat exchanger
208 operates to increase the temperature of the incoming fresh air to 60 degrees Fahrenheit,
and 40% relative humidity, thus reducing the thermal load placed on the HVAC system 226

without requiring any return air to be reintroduced into the HVAC system 226.

[0045] Turning now to FIG. 5, another vehicle ventilation module 107 is illustrated.

(The vehicle ventilation module 107 is an exemplary embodiment of the vehicle ventilation

10
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module 102 shown in FIG. 1.) In this embodiment, doors 212, 206, which are included in
FIGS. 2A-2C, are omitted. The other components of the vehicle ventilation module 107 are
substantially the same as those described above with respect to the vehicle ventilation module
102, and the details of those components are not reproduced here. Moreover, for ease of
reference, the same reference numbers are used for components that are common between the

ventilation modules 102 and 107.

[0046] In this embodiment, fresh air is not utilized as supply air (i.c., no fresh air is
introduced into the return air stream in the ventilation module 107). Rather, the fresh air is
utilized to remove heat from heat exchanger 208, and is then exhausted through the fresh air
outlet 130. This operation allows for the return air passing through return air inlet 134 to
undergo heat transfer as it passes through heat exchanger 208, ultimately reducing its
temperature. This reduced temperature air is then routed through return air outlet 136 to
HVAC system 226. This “pre-cooled” air presents a lower thermal load on HVAC system
226.

[0047] For example, as shown in FIG. 5, if the return air entering the return air duct
120 is at 80 degrees Fahrenheit, and 50% relative humidity, and the fresh air entering the
fresh air duct 202 is at 70 degrees Fahrenheit, and 90% relative humidity, the heat exchanger
208 operates to reduce the temperature of the recirculating return air to 75 degrees
Fahrenheit, and 50% relative humidity, thus reducing the thermal load placed on the HVAC
system 226 without requiring any fresh air to be introduced into the HVAC system 226.

[0048] FIGS. 4-5 depict ventilation modules 105, 107 that do not include the doors
212, 206 that are shown in the ventilation module 103 of FIGS. 2A-2C. In some
embodiments, however, the ventilation modules 105 and 107 include the doors 212, 206.
Indeed, in some embodiments, the ventilation modules 105 and 107 represent additional
modes of operation of the ventilation module 103 where both the doors 212 and 206 are
closed. More particularly, in some embodiments, the modes of operation shown in FIGS. 4
and 5 are achieved using the ventilation module 103 shown in FIGS. 2A-2C by closing the
doors 212, 206, and manipulating one or more flow directing elements (e.g., fans, dampers,
valves, etc.) of the ventilation module 103 and/or the heat exchanger 208 in order to achieve

the required flow characteristics of the return air and the fresh air.

[0049] Those skilled in the art will recognize that the system(s) described above may

be supplied as a stand-alone combined system including HVAC system 226 and ventilation

11
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module 102. Alternatively, ventilation module 102 may be supplied as an add-on component
to an existing HVAC system 226. Moreover, all illustrated temperature and humidity values

are for exemplary purposes only, and are not necessarily representative of actual temperature
or humidity values, nor do the necessarily accurately reflect the thermal performance of the

systems described or any of the components of the systems.

[0050] All references, including publications, patent applications, and patents cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in

its entirety herein.

[0051] In the foregoing discussion, plural instances are, optionally provided for
components, operations, or structures described herein as a single instance. Finally,
boundaries between various components, operations, and data stores are somewhat arbitrary,
and particular operations are illustrated in the context of specific illustrative configurations.
Other allocations of functionality are envisioned and optionally fall within the scope of the
implementation(s). In general, structures and functionality presented as separate components
in the example configurations are, optionally, implemented as a combined structure or
component. Similarly, structures and functionality presented as a single component are,
optionally, implemented as separate components. These and other variations, modifications,

additions, and improvements fall within the scope of the implementation(s).

[0052] It will also be understood that, although the terms “first,” “second,” are, in
some circumstances, used herein to describe various elements, these elements should not be
limited by these terms. These terms are only used to distinguish one element from another.
For example, a first contact could be termed a second contact, and, similarly, a second
contact could be termed a first contact, which changing the meaning of the description, so
long as all occurrences of the “first contact” are renamed consistently and all occurrences of
the second contact are renamed consistently. The first contact and the second contact are

both contacts, but they are not the same contact.

[0053] The terminology used herein is for the purpose of describing particular
implementations only and is not intended to be limiting of the claims. As used in the

[P A 14
a

description of the implementations and the appended claims, the singular forms an” and
“the” are intended to include the plural forms as well, unless the context clearly indicates

otherwise. It will also be understood that the term “and/or” as used herein refers to and
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encompasses any and all possible combinations of one or more of the associated listed items.
It will be further understood that the terms “comprises” and/or “comprising,” when used in
this specification, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more

other features, integers, steps, operations, elements, components, and/or groups thereof.

[0054] As used herein, the term “if” is, optionally, construed to mean “when” or
“upon” or “in response to determining” or “in accordance with a determination” or “in
response to detecting,” that a stated condition precedent is true, depending on the context.
Similarly, the phrase “if it is determined (that a stated condition precedent is true)” or “if (a
stated condition precedent is true)” or “when (a stated condition precedent is true)” is,
optionally, construed to mean “upon determining” or “in response to determining” or “in
accordance with a determination” or “upon detecting” or “in response to detecting” that the

stated condition precedent is true, depending on the context.

[0055] The foregoing description included example systems, methods, techniques,
instruction sequences, and computing machine program products that embody illustrative
implementations. For purposes of explanation, numerous specific details were set forth in
order to provide an understanding of various implementations of the inventive subject matter.
It will be evident, however, to those skilled in the art that implementations of the inventive
subject matter is, optionally, practiced without these specific details. In general, well-known

instruction instances, protocols, structures and techniques have not been shown in detail.

[0056] The foregoing description, for purpose of explanation, has been described with
reference to specific implementations. However, the illustrative discussions above are not
intended to be exhaustive or to limit the implementations to the precise forms disclosed.
Many modifications and variations are possible in view of the above teachings. The
implementations were chosen and described in order to best explain the principles and their
practical applications, to thereby enable others skilled in the art to best utilize the
implementations and various implementations with various modifications as are suited to the

particular use contemplated.
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What is claimed is:

1. A vehicle ventilation module comprising:

a return air duct having a return air inlet and a return air outlet downstream of the return
air inlet;

a fresh air duct having a fresh air inlet and a fresh air outlet downstream of the fresh air
inlet;

a heat exchanger thermally coupled to the return air duct and the fresh air duct, wherein
the heat exchanger is upstream of the return air outlet and the fresh air outlet, and downstream of
the return air inlet and the fresh air inlet;

a first door joining the return air duct and the fresh air duct upstream of the heat
exchanger; and

a second door joining the return air duct and the fresh air duct downstream of the heat
exchanger;

wherein the first door and the second door are operable to selectively open and close in

order to allow air to pass between the fresh air duct and the return air duct.

2. The ventilation module of claim 1, wherein, in a first mode of operation:
the first door is closed and the second door is open such that fresh air received through
the fresh air inlet is drawn through the heat exchanger in the fresh air duct;

a first portion of the fresh air is drawn into the return air duct via the second door.

3. The ventilation module of claim 2, wherein, in the first mode of operation a second

portion of the fresh air is drawn through the fresh air outlet.

4. The ventilation module of any of claims 1-3, wherein, in a second mode of operation:
the first door is open and the second door is closed such that a first portion of fresh air
received through the fresh air inlet is drawn into the return air duct and drawn through the heat
exchanger in the return air duct;
a second portion of the fresh air received through the fresh air inlet is drawn through the

heat exchanger in the fresh air duct; and

14
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the second portion of the fresh air received through the fresh air inlet is drawn through

the fresh air outlet.

5. The ventilation module of any of claims 1-4, further comprising a controller configured
to operate:

in a first mode of operation to close the first door and open the second door such that
fresh air received through the fresh air inlet is drawn through the heat exchanger in the fresh air
duct and a first portion of the fresh air is drawn into the return air duct via the second door;

in a second mode of operation to open the first door and close the second door such that a
first portion of fresh air received through the fresh air inlet is drawn into the return air duct and
drawn through the heat exchanger in the return air duct, and a second portion of the fresh air
received through the fresh air inlet is drawn through the heat exchanger in the fresh air duct, and
the second portion of the fresh air received through the fresh air inlet is drawn through the fresh

air outlet.

6. The ventilation module of claim 5, wherein the controller is electrically coupled to, and
configured to control, a HVAC system that is fluidly and thermally coupled to the vehicle

ventilation module.

7. The ventilation module of any of claims 5-6, wherein the controller is electrically coupled
to, and configured to measure, temperatures measured by an exterior temperature sensor and an

interior temperature sensor.

8. The ventilation module of any of claims 5-6, wherein the controller is electrically coupled
to one or more sensors sclected from the group consisting of: a temperature sensor; a

hygrometer; a sling psychrometer; an air quality sensor; and an air speed sensor.

9. The ventilation module of any of claims 1-8, wherein the fresh air inlet is a scoop

configured to receive air when the vehicle is moving forward.

10. The ventilation module of any of claims 1-9, wherein the return air outlet is fluidly and

thermally coupled to an air conditioning system.
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11.  The ventilation module of any of claims 1-10, further comprising a third door coupled to
the return air inlet, the third door configured to selectively open and close in order to modulate

an amount of return air being supplied to an air conditioning system.

12. The ventilation module of claim 4, further comprising a third door coupled to the return
air inlet, the third door configured to selectively open and close in order to modulate an amount
return air being supplied to an air conditioning system, wherein in a third mode of operation, the
third door is closed to restrict flow of return air into the return air duct such that substantially

only fresh air received through the fresh air inlet is introduced into the return air duct.

13. The ventilation module of claim 12, wherein in a fourth mode of operation, the first door
and the second door are closed such that substantially no fresh air is introduced into the return air

duct.

14. The ventilation module of any of claims 1-13, further comprising a fresh air fan coupled

to the fresh air duct for drawing fresh air through the fresh air duct.

15. The ventilation module of any of claims 1-14, further comprising a flue coupled to the

fresh air duct for drawing fresh air through the fresh air duct.

16.  The ventilation module of any of claims 1-12, further comprising a fourth door coupled
to the fresh air inlet, the third door configured to selectively open and close in order to modulate

an amount of fresh air being supplied to the air conditioning system.

17. A ventilation module, comprising any of the components of claims 1-16 and configured

to operate according to any of the modes of operation of claims 1-16.
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