
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/076872 Al
28 May 2015 (28.05.2015) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B60H 1/00 (2006.01) B60H 1/24 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/US20 14/040706 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

3 June 2014 (03.06.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.
61/908,463 25 November 2013 (25. 11.2013) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: THERMO KING CORPORATION kind of regional protection available): ARIPO (BW, GH,

[US/US]; 314 W. 90th Street, Minneapolis, Minnesota GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
55420 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,(72) Inventors: TRUTNOVSKY, Petr; V Haji, Cervene Pecky
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(CZ). FOREJT, Lubos; Zelena 433, 252 62 Statenice,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Praha - zapad (CZ). CERMAK, Radim; Mezi skolami
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

2321/2, 158 00 Prague (CZ).
KM, ML, MR, NE, SN, TD, TG).

(74) Agent: SCHUMANN, Michael D.; Hamre, Schumann,
Published:

Mueller & Larson, P.C., P.O. Box 2902, Minneapolis,
Minnesota 55402 (US). — with international search report (Art. 21(3))

(54) Title: FRESH AIR CONTROL FOR A TRANSPORT REFRIGERATION UNIT

FRESH AIR
SUPPLY

RETURN SUPPLY
AIR AIR

00

FIG. 2
©

(57) Abstract: A system and method for controlling a transport heating, ventilation, and air conditioning (HVAC) system having a

o fresh air intake is disclosed. The fresh airflow intake system includes a fresh air damper configured to regulate a flow of fresh air into
the transport HVAC system, an evaporator fan having at least a high-speed mode and a low speed mode, and a controller. The con
troller is configured to determine whether a fresh air condition is met and increase a fresh airflow in response to determining the
fresh air condition is met. The controller is further configured to increase an evaporator fan speed when the fresh airflow is in -
creased.



FRESH AIR CONTROL FOR A TRANSPORT REFRIGERATION UNIT

FIELD

Embodiments of this disclosure relate generally to a heating, ventilation, and air

conditioning (HVAC) system in a transport vehicle. More specifically, the embodiments relate to

a system and method for controlling fresh air intake in an HVAC system of a transport vehicle.

BACKGROUND

An HVAC system, such as an air conditioning system for a transport vehicle (e.g., a

passenger bus, passenger railcar, etc.), may be included on a transport vehicle to condition air of

an interior space (e.g., passenger compartment) of the transport vehicle. In some transport

vehicles, the transport HVAC system can be installed externally (e.g., on a rooftop of the

transport vehicle). The transport HVAC system can include a fresh air intake to input fresh air

into the interior space of the transport vehicle. The transport HVAC system can also be

configured to return air that is not fresh to the environment.

SUMMARY

Embodiments of this disclosure relate generally to an HVAC system in a transport

vehicle. More specifically, the embodiments relate to a system and method for controlling fresh

air intake in an HVAC system of a transport vehicle.

In some embodiments, a transport vehicle includes a passenger bus. In some

embodiments, a transport vehicle includes a passenger railcar. In some embodiments, a transport

vehicle includes other types of passenger vehicles, such as ships, airplanes, etc.

Operating an evaporator fan in a high speed mode when a fresh air damper is in an open

position, even when a passenger compartment of a transport vehicle is near a set point

temperature, can increase the efficiency of a transport HVAC system. In some embodiments,

opening the fresh air damper and operating the evaporator fan in the high speed mode even when

an air quality measurement is within an optimal range can increase the efficiency of the transport

HVAC system. In some embodiments, increasing the efficiency of the transport HVAC system

can reduce fuel consumption and emissions of a transport vehicle.



In some embodiments, a controller of a transport HVAC system can monitor one or more

indicators of air quality. Indicators of air quality can, for example, include a carbon dioxide

level, a volatile organic compound (VOC) level, a relative humidity level, a dust level, or other

similar indication of air quality that can be sensed from a passenger compartment (conditioned

space) of a transport vehicle.

A method to control a transport HVAC system having a fresh air intake is disclosed. The

method includes monitoring one or more of an air quality, a set point temperature, and an

ambient temperature. The method includes determining whether a fresh air condition is met

based on the monitoring and opening a fresh air damper when the fresh air condition is met.

Further, the method includes increasing an evaporator fan speed in response to opening the fresh

air damper.

A fresh airflow intake system for a transport HVAC system is disclosed. The fresh

airflow intake system includes a fresh air damper configured to regulate a flow of fresh air into

the transport HVAC system, an evaporator fan having at least a high-speed mode and a low

speed mode, and a controller. The controller is configured to determine whether a fresh air

condition is met and increase a fresh airflow in response to determining the fresh air condition is

met. The controller is further configured to increase an evaporator fan speed when the fresh

airflow is increased.

A method to control a transport HVAC system having a fresh air intake is disclosed. The

method includes determining a passenger compartment temperature from a temperature sensor

and comparing, by a controller, the passenger compartment temperature with a set point

temperature. The method also includes determining an air quality measurement from an air

quality sensor. A fresh air damper is opened when the passenger compartment temperature and

the set point temperature are within a threshold range and the air quality measurement is below a

minimum air quality threshold. A speed of an evaporator fan is increased in response to opening

the fresh air damper.



BRIEF DESCRIPTION OF THE DRAWINGS

References are made to the accompanying drawings that form a part of this disclosure,

and which illustrate the embodiments in which the systems and methods described in this

Specification can be practiced.

FIG. 1 illustrates a side view of a transport vehicle including a transport HVAC system,

according to some embodiments.

FIG. 2 illustrates a block diagram of a side view of a transport vehicle including a

transport HVAC system with a fresh air control system, according to some embodiments.

FIG. 3A illustrates a flowchart of a method to control a fresh air intake system of a

transport HVAC system, according to some embodiments.

FIG. 3B illustrates a continuation of the flowchart of FIG. 3A of the method to control

the fresh air intake system of the transport HVAC system, according to some embodiments.

Like reference numbers represent like parts throughout.

DETAILED DESCRIPTION

Embodiments of this disclosure relate generally to a heating, ventilation, and air

conditioning (HVAC) system in a transport vehicle. More specifically, the embodiments relate to

a system and method for controlling fresh air intake in an HVAC system of a transport vehicle.

A transport HVAC system, such as a transport air conditioning system, may be generally

configured to control one or more environmental conditions (e.g., temperature, humidity, air

quality, etc.) in an interior space (e.g., passenger compartment) of a transport vehicle (e.g., a

passenger bus, a passenger railcar, etc.). Generally, the passenger compartment of a transport

vehicle can be supplied with fresh air (e.g., outside air) by the transport HVAC system. In most

transport vehicles, the transport HVAC system is designed to supply a quantity of fresh air that

satisfies a maximum occupancy of the transport vehicle.

In some instances, a transport HVAC system can be configured for demand controlled

ventilation. Demand controlled ventilation is a method to control the amount of fresh air input

into the transport vehicle based on the occupancy of the transport vehicle. For example, when the

occupancy is below the maximum occupancy, the amount of fresh air supplied to the passenger

compartment is reduced.



Embodiments of this disclosure generally control a speed of an evaporator fan and a

position of a fresh air damper in a transport HVAC system. In some embodiments, running the

evaporator fan in a high speed mode and opening the fresh air damper can increase the fuel

efficiency and reduce the emissions from a transport vehicle having a transport HVAC system.

Further, running the evaporator fan in the high speed mode and opening the fresh air damper can

create a surplus of fresh air in the passenger compartment, which can increase the amount of

time before fresh air needs to again be added to the passenger compartment (e.g., increased

amount of time where fresh air damper is closed). In some embodiments, increasing the amount

of time where the fresh air damper is closed can reduce the refrigeration demand, save fuel,

and/or increase a life of an air filter.

A transport HVAC system may be most efficient (e.g., ratio of cooling output to power

required) when the evaporator fan is in a high speed mode. Accordingly, embodiments of this

disclosure take advantage of this efficiency and run the evaporator fan in the high speed mode

when a fresh air damper is opened.

A "transport vehicle" includes, for example, a vehicle having a passenger compartment.

The passenger compartment in a transport vehicle can include a transport heating, ventilation,

and air conditioning (HVAC) system. In some embodiments, the transport vehicle can include a

bus, a passenger railcar, etc.

A "transport HVAC system" includes, for example, an air conditioning system

configured to control an environment variable (e.g., temperature, humidity, air quality, etc.) in a

conditioned space of a transport vehicle.

A "conditioned space" includes, for example, any space which is to have a controlled

environment variable (e.g., temperature, humidity, air quality, etc.). The conditioned space can

be a passenger compartment in a transport vehicle. The temperature, humidity, air quality, etc. of

the conditioned space can be controlled, for example, for the comfort of occupants.

A "fresh air damper" includes, for example, a valve or plate that can be configured to

control the input of fresh air into a transport HVAC system. For example, closing the fresh air

damper can prevent fresh air from flowing into the transport HVAC system and opening the

fresh air damper can allow the fresh airflow.

FIG. 1 illustrates a side view of a transport vehicle 100 including a transport HVAC

system 130, according to some embodiments. The illustrated transport vehicle 100 is a passenger



bus. In some embodiments, the transport vehicle 100 can be another type of passenger vehicle

(e.g., a passenger railcar, etc.).

The transport vehicle 100 includes a frame 105, an engine (not shown) (e.g., an internal

combustion engine, etc.) disposed within an engine compartment 110, front wheels 115, and rear

wheels 120. A passenger compartment 125 represents a conditioned space of the transport

vehicle 100. In some embodiments, the passenger compartment 125 can also be referred to as the

cabin 125. The passenger compartment 125 can also be referred to as the conditioned space of

the transport vehicle 100 and can be heated or cooled with the transport HVAC system 130. In

some embodiments, the passenger compartment 125 can be heated or cooled by opening one or

more windows 160. The transport vehicle 100 can also include an optional air cleaning unit (not

shown in FIG. 1).

The passenger compartment 125 includes a front 140, a back 145, a right side 150, a left

side (not shown in FIG. 1), and a roof 155. As illustrated, the right side 150 includes windows

160. The left side can be the same as or similar to the right side 150. In some embodiments, the

left side can be different than the right side 150. For example, the left side may not include

windows.

The transport HVAC system 130 can include a fresh air intake (not shown in FIG. 1), a

compressor (not shown in FIG. 1), a condenser (not shown in FIG. 1), an expansion valve (not

shown in FIG. 1), an evaporator (not shown in FIG. 1), and a conditioned air discharge (not

shown in FIG. 1). The components of the transport HVAC system 130 can be housed within a

housing 165. The housing 165 can protect the components of the transport HVAC system 130

from environmental conditions (e.g., rain, snow, ultraviolet rays, etc.). The housing 165 can also

function as an aesthetic feature that prevents people from seeing the individual components of

the transport HVAC system 130. The transport HVAC system 130 can include additional

components in some embodiments. For example, the transport HVAC system 130 can include a

dryer (not shown in FIG. 1), an economizer (not shown in FIG. 1), a prime mover (not shown in

FIG. 1), and other components (e.g., a controller and a fresh air damper as shown in FIG. 2). The

housing 165 can include additional components in some embodiments. For example, the housing

165 can include a controller (not shown in FIG. 1), a power source (e.g., a battery, etc.) (not

shown in FIG. 1), and other similar components.



The optional air cleaning unit can include a filter media (not shown) for filtering

contaminants (e.g., dust particles, etc.) out of the conditioned air being provided to the passenger

compartment 125. Similar to the transport HVAC system 130, the optional air cleaning unit can

include an air cleaner housing (not shown in FIG. 1). The air cleaner housing can function

similar to the housing 165 of the transport HVAC system 130 and can, for example, be included

for aesthetics or to protect the air cleaning unit from environmental conditions.

FIG. 2 illustrates a block diagram of a side view of a transport vehicle 200 including a

transport HVAC system 230 with a fresh air control system, according to some embodiments.

The illustrated transport vehicle 200 is a passenger bus. In some embodiments, the transport

vehicle 200 can be another type of passenger vehicle (e.g., a passenger railcar, etc.). Aspects of

FIG. 2 can be the same as or similar to aspects of FIG. 1.

The transport vehicle 200 includes a passenger compartment 225 that represents a

conditioned space of the transport vehicle 200. In some embodiments, the passenger

compartment 225 can also be referred to as the cabin 225. The passenger compartment 225 can

also be referred to as the conditioned space 225 of the transport vehicle 200. The passenger

compartment 225 can be heated or cooled with a transport HVAC system 230. In some

embodiments, the transport vehicle 200 can also include an air cleaning unit (not shown in FIG.

2). The optional air cleaning unit can be incorporated into the transport HVAC system 230.

The passenger compartment 225 includes a sensor 280. In some embodiments, there is a

plurality of sensors 280. The sensor 280 can be configured to provide feedback to an HVAC

controller 270 regarding one or more environmental conditions. The HVAC controller 270 and

the sensor 280 are described in further detail below.

The transport HVAC system 230 can include a fresh air intake (not shown in FIG. 2), a

compressor (not shown in FIG. 2), a condenser (not shown in FIG. 2), an expansion valve (not

shown in FIG. 2), an evaporator (not shown in FIG. 2), and a supply air outlet (not shown in FIG.

2). The components of the transport HVAC system 230 can be housed within the housing 265.

The transport HVAC system 230 can include additional components in some embodiments. For

example, the transport HVAC system 230 can include a dryer (not shown in FIG. 2), an

economizer (not shown in FIG. 2), a prime mover (not shown in FIG. 2), and other components

(e.g., a fresh air damper 275, etc.).



The evaporator (not shown in FIG. 2) can include an evaporator fan (not shown in FIG.

2). The evaporator fan can operate in a high speed mode or a low speed mode. In some

embodiments, the evaporator fan can operate in a low speed mode, a high speed mode, and at

least one intermediate mode (e.g., a medium speed mode that is between high speed mode and

low speed mode, etc.). In some embodiments, the evaporator fan can be a variable speed

evaporator fan that can operate at variable speeds between a high speed mode and a low speed

mode. In some embodiments, the transport HVAC system 230 can include variable speed

evaporator fans without a fresh air damper. In such a system, an evaporator fan at high speed

may operate similarly to an evaporator fan with a constant speed and an open fresh air damper.

An evaporator fan at low speed may operate similarly to an evaporator fan with a constant speed

and a closed fresh air damper.

The transport HVAC system 230 includes the HVAC controller 270 and a fresh air

damper 275. The HVAC controller 270 and the fresh air damper 275 are in communication.

The HVAC controller 270 can be configured to manage, command, direct, and regulate

the behavior of one or more components of the transport HVAC system 230 (e.g., the fresh air

damper 275, etc.). The HVAC controller 270 can control the transport HVAC system 230 to

obtain various operating conditions (e.g., temperature, humidity, air quality, etc.) of the

passenger compartment 225. The HVAC controller 270 can be powered by a primary mover (not

shown) and/or another power source electrically connected to the HVAC controller 270 (e.g., a

battery).

The HVAC controller 270 can include a processor (not shown in FIG. 2), a memory (not

shown in FIG. 2), a clock (not shown in FIG. 2), and an input/output (I/O) interface (not shown

in FIG. 2), etc. In some embodiments, the HVAC controller 270 can include fewer or additional

components. The HVAC controller 270 can be configured to modify a position of the fresh air

damper 275 to control an amount of fresh air input into the passenger compartment 225.

Modifying the position of the fresh air damper 275 is described in additional detail in accordance

with FIGS. 3A and 3B below.

The fresh air damper 275 can be configured to control an amount of fresh air input into

the passenger compartment 225 of the transport vehicle 200. The fresh air damper 275 can have

two positions (e.g., open or closed), according to some embodiments. In a closed position, the

fresh air damper 275 can prevent fresh air from entering the transport vehicle 200. In an open



position, the fresh air damper 275 can input fresh air into the transport vehicle 200. One or more

operating conditions (e.g., evaporator fan speed, etc.) of the transport HVAC system 230 can be

modified by the controller 270 in conjunction with opening or closing the fresh air damper 275.

In some embodiments, the fresh air damper 275 can have more than two positions. For

example, the fresh air damper 275 can have at least one intermediate position in which fresh air

is input into the transport vehicle 200 in some amount that is less than the air input when the

fresh air damper 275 is in the fully opened position.

The sensor 280 is located within the passenger compartment 225 and is configured to

provide feedback on one or more environmental conditions of the passenger compartment 225 to

the HVAC controller 270. In some embodiments, the sensor 280 can be located within a duct

(not shown) of the transport HVAC system 230. In some embodiments, the sensor 280 can be

located in a return air duct (not shown) in the transport HVAC system 230. The sensor 280 can

include a variety of sensors configured to detect air quality. For example, the sensor 280 can be a

carbon dioxide sensor, a relative humidity sensor, a dust sensor, a volatile organic compound

sensor (VOC), or other suitable air quality sensor. In some embodiments, the sensor 280 can be a

combination of two or more types of air quality sensors. The sensor 280 can include a

temperature sensor in some embodiments.

The optional air cleaning unit (not shown in FIG. 2) can include a filter media for

filtering contaminants (e.g., dust particles, etc.) out of the conditioned air being provided to the

passenger compartment 225 (e.g., the supply air). Similar to the transport HVAC system 230, the

air cleaning unit can include an air cleaner housing (not shown in FIG. 2) that is separate from

the transport HVAC system 230. The air cleaner housing may function similar to the housing

265 and can, for example, be included for aesthetics or to protect the air cleaning unit. In some

embodiments, the optional air cleaning unit can be contained within the housing 265 of the

transport HVAC system 230.

FIGS. 3A and 3B illustrate a flowchart of a method 300 to control a transport HVAC

system (e.g., the transport HVAC system 230 shown in FIG. 2), according to some embodiments.

The method 300 generally controls a supply of fresh air into a passenger compartment (e.g., the

passenger compartment 225 shown in FIG. 2) of a transport vehicle (e.g., a passenger bus such as

in FIGS. 1 or 2, a passenger railcar, etc.). By controlling the supply of fresh air, the method 300

can maintain air quality within the passenger compartment.



The method 300 begins at 305 when the transport HVAC system is started (e.g., powered

on). In some embodiments, the method 300 repeats while the transport HVAC system is powered

on.

At 310, the controller determines whether a temperature of the passenger compartment is

within a threshold range of a set point temperature of the passenger compartment. The threshold

range can, for example, be based on a thermostat of the transport HVAC system. In some

embodiments, the range, for example, can be plus or minus about two degrees from the set point

temperature. However, it will be appreciated that the range may be modified based on a

particular application or user preference. If the temperature of the passenger compartment is not

within the threshold range, then the method 300 continues to 315. If the temperature is within the

threshold range, then the method 300 continues to 320.

At 315, the controller determines whether free heating or cooling is available. Free

cooling is considered available when the ambient temperature is lower than the set point

temperature. For example, in some embodiments, free cooling is available when the ambient

temperature is within the range from about the set point temperature to about two degrees less

than the set point temperature. Free heating is available when the ambient temperature is greater

than the set point temperature. For example, in some embodiments, free heating is available

when the ambient temperature is within the range from about the set point temperature to about

two degrees greater than the set point temperature. The range above or below the set point

temperature in which free heating or free cooling (respectively) is available can be a range other

than about two degrees. The range can vary and be modified based on a particular application or

user preference.

When free heating or cooling is available, the HVAC system can open the fresh air

damper and disable either heating or cooling, providing air at the ambient temperature. In some

embodiments, when the ambient temperature is within the threshold range of the temperature of

the passenger compartment, the windows or doors may be opened to provide free heating or

cooling. When the ambient temperature is within the threshold range of the temperature of the

passenger compartment, less energy (e.g., fuel, etc.) is consumed by the transport HVAC system

to heat or cool the air being provided to the passenger compartment.

When free heating or cooling is available, the method 300 continues to 330 and is run in

free heating/cooling mode. In some embodiments, free heating/cooling mode includes opening a



fresh air damper (e.g., the fresh air damper 275 shown in FIG. 2) and turning the evaporator fan

to a high speed mode regardless of whether an air quality measurement is below a minimum air

quality limit. Further, the fresh air damper can be opened and the evaporator fan can be operated

in a high speed mode without having to consider the vehicle occupancy. Accordingly, a surplus

of fresh air can be added to the passenger compartment.

In some embodiments, opening the fresh air damper includes fully opening the fresh air

damper. In some embodiments, opening the fresh air damper includes opening the fresh air

damper to an intermediate position. When the fresh air damper is open and the evaporator fan is

in the high speed mode, fresh air is introduced into the passenger compartment of the transport

vehicle.

In some embodiments, the free heating or cooling mode can continue until the set point

temperature is reached. In other embodiments, free heating can continue until the set point

temperature is reached or until the ambient temperature is lower than the temperature of the

passenger compartment and free cooling can continue until the set point temperature is reached

or until the ambient temperature is greater than the temperature of the passenger compartment.

When free heating or cooling is not available or the set point temperature is reached, then

the method 300 continues to 325 and operates in standard mode. In some embodiments, the

standard mode can also be referred to as temperature control mode. In the standard mode, the

transport HVAC system runs the evaporator fan in the high-speed mode when the temperature of

the passenger compartment is outside the threshold range of the set point temperature and in the

low speed mode when the temperature of the passenger compartment is within the threshold

range of the set point temperature. That is, in the standard mode, temperature control takes

precedence over demand controlled ventilation. For example, in the standard mode, when the

evaporator fan is in the high-speed mode, the fresh air damper may be closed to prevent

introduction of ambient air at an undesired temperature (e.g., warmer ambient air if cooling or

cooler ambient air if heating).

If the temperature of the passenger compartment is within the threshold range of the set

point temperature as determined in 310, the method 300 continues to 320.

At 320, the controller determines whether an air quality measurement in the passenger

compartment is below a minimum air quality threshold. In some embodiments, the air quality

measurement can be a reading from a sensor (e.g., the sensor 280 shown in FIG. 2). The sensor



can be a carbon dioxide sensor, a volatile organic compound sensor (VOC), or other similar type

of sensor. If the air quality measurement is below a minimum air quality threshold, even though

the temperature of the passenger compartment is within the threshold range of the set point

temperature, the controller will open the damper and increase the evaporator fan speed at 335 so

that the transport HVAC system is operating at an increased efficiency.

If the air quality measurement at 320 is above the minimum air quality threshold (e.g., the

air quality is within an acceptable range), the method 300 continues to 350, which will be

discussed in additional detail below. The value of the minimum air quality threshold may depend

on the type of sensor and therefore, the parameter of the air being measured. For example, a

minimum air quality threshold for carbon dioxide may be different than a minimum air quality

threshold for a VOC. The minimum air quality threshold can be set based on air quality

standards or simulation testing to identify a comfortable air quality operating region.

Following 335, the method 300 continues to 340. At 340, the controller again takes an air

quality measurement from the passenger compartment of the transport vehicle. If the air quality

measurement is below the air quality threshold, the controller will determine whether the

temperature of the passenger compartment is within the threshold range of the set point

temperature at 345. If the air quality measurement is not below the air quality threshold, the

method 300 continues to 350.

At 345, if the temperature of the passenger compartment is within the threshold range of

the set point temperature, the method 300 continues to 335. If, however, the temperature of the

passenger compartment is not within the threshold range of the set point temperature, the method

300 continues to 315.

At 350, the controller closes the fresh air damper and decreases the evaporator fan speed.

Following 350, the method 300 continues to 355 and determines whether the temperature of the

passenger compartment is within the threshold range of the set point temperature. If the

temperature is within the threshold range, then the method 300 continues to 320. If, however, the

temperature is not within the threshold range, then the method continues to 315.

ASPECTS

It is noted that any of aspects 1 - 9 below can be combined with any of aspects 10 - 13,

14 - 19, or 20 - 2 1. Any of aspects 10 - 13 can be combined with any of aspects 1 - 9, 14 - 19,



or 20 - 2 1. Any of aspects 14 - 19 can be combined with any of aspects 1 - 9, 10 - 13, or 20 -

21. Further, any of aspects 20 - 2 1 can be combined with any of aspects 1 - 9, 10 - 13, or 14 -

19.

Aspect 1. A method to control a transport heating, ventilation, and air conditioning (HVAC)

system having a fresh air intake, comprising:

monitoring one or more of an air quality, a set point temperature, and an ambient

temperature;

determining whether a fresh air condition is met based on the monitoring;

opening a fresh air damper when the fresh air condition is met; and

increasing an evaporator fan speed in response to opening the fresh air damper.

Aspect 2 . The method according to aspect 1, wherein opening the fresh air damper includes

opening the fresh air damper to an intermediate position, the intermediate position being between

an opened position and a closed position.

Aspect 3 . The method according to any of aspects 1 - 2, wherein increasing the evaporator fan

speed includes increasing the evaporator fan speed to an intermediate evaporator fan speed that is

below a maximum evaporator fan speed.

Aspect 4 . The method according to any of aspects 1 - 3, further comprising:

closing the fresh air damper when the fresh air condition is no longer met; and

decreasing the evaporator fan speed in response to closing the fresh air damper.

Aspect 5 . The method according to aspect 4, wherein closing the fresh air damper includes

closing the fresh air damper to an intermediate position, the intermediate position being between

a closed and an opened position.

Aspect 6 . The method according to any of aspects 4 - 5, wherein decreasing the evaporator fan

speed includes decreasing the evaporator fan speed to an intermediate evaporator fan speed that

is above a minimum evaporator fan speed.



Aspect 7 . The method according to any of aspects 1- 6, wherein the fresh air condition includes:

a minimum air quality threshold, the fresh air condition being met when the monitoring

identifies an air quality that is below the minimum air quality threshold.

Aspect 8. The method according to any of aspects 1- 7, wherein the fresh air condition includes:

a temperature threshold range, the fresh air condition being met when the set point

temperature and the ambient temperature are within the threshold range of each other.

Aspect 9 . A fresh airflow intake system for a transport heating, ventilation, and air conditioning

(HVAC) system, comprising:

a fresh air damper configured to regulate a flow of fresh air into the transport HVAC

system;

an evaporator fan having at least a high speed mode and a low speed mode; and

a controller, the controller configured to:

determine whether a fresh air condition is met,

increase a fresh airflow in response to determining the fresh air condition is met,

and

increase an evaporator fan speed when the fresh airflow is increased.

Aspect 10. The fresh airflow intake system according to aspect 9, further comprising one or more

air quality sensors, and wherein the fresh air condition is met when the air quality determined

from the one or more air quality sensors is below a minimum air quality threshold.

Aspect 11. The fresh airflow intake system according to aspect 10, wherein the one or more

quality sensors includes a carbon dioxide sensor configured to detect an amount of carbon

dioxide in a passenger compartment of a transport vehicle.

Aspect 12. The fresh airflow intake system according to any of aspects 9 - 11, wherein the

controller is further configured to:



determine a set point temperature and an ambient temperature, and wherein the fresh air

condition is met when the set point temperature is within a threshold range of the ambient

temperature.

Aspect 13. The fresh airflow intake system according to any of aspects 9 - 12, the controller

further configured to:

decrease the fresh airflow in response to determining the fresh air condition is no longer

met; and

decrease the evaporator fan speed when the fresh airflow is decreased.

Aspect 14. A method to control a transport heating, ventilation, and air conditioning (HVAC)

system having a fresh air intake, comprising:

determining a passenger compartment temperature from a temperature sensor;

comparing, by a controller, the passenger compartment temperature with a set point

temperature;

determining an air quality measurement from an air quality sensor;

opening a fresh air damper when the passenger compartment temperature and the set

point temperature are within a threshold range and the air quality measurement is below a

minimum air quality threshold; and

increasing an evaporator fan speed in response to opening the fresh air damper.

Aspect 15. The method according to aspect 14, wherein opening the fresh air damper includes

opening the fresh air damper to an intermediate position, the intermediate position being between

an opened position and a closed position.

Aspect 16. The method according to any of aspects 14 - 15, wherein increasing the evaporator

fan speed includes increasing the evaporator fan speed to an intermediate evaporator fan speed

that is below a maximum evaporator fan speed.

Aspect 17. The method according to any of aspects 14 - 16, further comprising:



closing the fresh air damper when the air quality measurement is above the minimum air

quality threshold; and

decreasing the evaporator fan speed in response to closing the fresh air damper.

Aspect 18. The method according to aspect 17, wherein closing the fresh air damper includes

closing the fresh air damper to an intermediate position, the intermediate position being between

a closed and an opened position.

Aspect 19. The method according to any of aspects 17 - 18, wherein decreasing the evaporator

fan speed includes decreasing the evaporator fan speed to an intermediate evaporator fan speed

that is above a minimum evaporator fan speed.

Aspect 20. A method to control a transport heating, ventilation, and air conditioning (HVAC)

system having a fresh air intake, comprising:

determining a set point temperature;

determining an ambient air temperature;

opening a fresh air damper when the ambient air temperature is within a threshold range

of the set point temperature; and

increasing an evaporator fan speed in response to opening the fresh air damper.

Aspect 21. The method according to aspect 20, further comprising:

closing the fresh air damper when the ambient air temperature is outside a threshold

range of the set point temperature; and

decreasing the evaporator fan speed in response to closing the fresh air damper.

The terminology used in this Specification is intended to describe particular embodiments

and is not intended to be limiting. The terms "a," "an," and "the" include the plural forms as

well, unless clearly indicated otherwise. The terms "comprises" and/or "comprising," when used

in this Specification, specify the presence of the 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, and/or components.



The flowcharts described in this Specification set forth the operations in an order which is

indicative of some embodiments of the present disclosure. It is noted that in some embodiments,

the order of the operations can vary. Further, one or more of the operations can be combined, or

alternatively, separated into multiple operations. Other similar operations and the order of the

operations may be equivalent in function, logic, or effect, without departing from the basic scope

of the operations described.

With regard to the preceding description, it is to be understood that changes may be made

in detail, especially in matters of the construction materials employed and the shape, size, and

arrangement of parts without departing from the scope of the present disclosure. The word

"embodiment" as used within this Specification may, but does not necessarily, refer to the same

embodiment. This Specification and the embodiments described are exemplary only. Other and

further embodiments may be devised without departing from the basic scope thereof, with the

true scope and spirit of the disclosure being indicated by the claims that follow.



CLAIMS

What is claimed is:

1. A method to control a transport heating, ventilation, and air conditioning (HVAC)

system having a fresh air intake, comprising:

monitoring one or more of an air quality, a set point temperature, and an ambient

temperature;

determining whether a fresh air condition is met based on the monitoring;

opening a fresh air damper when the fresh air condition is met; and

increasing an evaporator fan speed in response to opening the fresh air damper.

2 . The method according to claim 1, wherein opening the fresh air damper includes

opening the fresh air damper to an intermediate position, the intermediate position being

between an opened position and a closed position.

3 . The method according to claim 1, wherein increasing the evaporator fan speed includes

increasing the evaporator fan speed to an intermediate evaporator fan speed that is below

a maximum evaporator fan speed.

4 . The method according to claim 1, further comprising:

closing the fresh air damper when the fresh air condition is no longer met; and

decreasing the evaporator fan speed in response to closing the fresh air damper.

5 . The method according to claim 4, wherein closing the fresh air damper includes

closing the fresh air damper to an intermediate position, the intermediate position being

between a closed and an opened position.

6 . The method according to claim 4, wherein decreasing the evaporator fan speed

includes decreasing the evaporator fan speed to an intermediate evaporator fan speed that

is above a minimum evaporator fan speed.



7 . The method according to claim 1, wherein the fresh air condition includes:

a minimum air quality threshold, the fresh air condition being met when the

monitoring identifies an air quality that is below the minimum air quality threshold.

8. The method according to claim 1, wherein the fresh air condition includes:

a temperature threshold range, the fresh air condition being met when the set point

temperature and the ambient temperature are within the threshold range of each other.

9 . A fresh airflow intake system for a transport heating, ventilation, and air conditioning

(HVAC) system, comprising:

a fresh air damper configured to regulate a flow of fresh air into the transport

HVAC system;

an evaporator fan having at least a high speed mode and a low speed mode; and

a controller, the controller configured to:

determine whether a fresh air condition is met,

increase a fresh airflow in response to determining the fresh air condition

is met, and

increase an evaporator fan speed when the fresh airflow is increased.

10. The fresh airflow intake system according to claim 9, further comprising one or more

air quality sensors, and wherein the fresh air condition is met when the air quality

determined from the one or more air quality sensors is below a minimum air quality

threshold.

11. The fresh airflow intake system according to claim 10, wherein the one or more

quality sensors includes a carbon dioxide sensor configured to detect an amount of

carbon dioxide in a passenger compartment of a transport vehicle.

12. The fresh airflow intake system according to claim 9, wherein the controller is further

configured to:



determine a set point temperature and an ambient temperature, and wherein the

fresh air condition is met when the set point temperature is within a threshold range of the

ambient temperature.

13. The fresh airflow intake system according to claim 9, the controller further

configured to:

decrease the fresh airflow in response to determining the fresh air condition is no

longer met; and

decrease the evaporator fan speed when the fresh airflow is decreased.

14. A method to control a transport heating, ventilation, and air conditioning (HVAC)

system having a fresh air intake, comprising:

determining a passenger compartment temperature from a temperature sensor;

comparing, by a controller, the passenger compartment temperature with a set

point temperature;

determining an air quality measurement from an air quality sensor;

opening a fresh air damper when the passenger compartment temperature and the

set point temperature are within a threshold range and the air quality measurement is

below a minimum air quality threshold; and

increasing an evaporator fan speed in response to opening the fresh air damper.

15. The method according to claim 14, wherein opening the fresh air damper includes

opening the fresh air damper to an intermediate position, the intermediate position being

between an opened position and a closed position.

16. The method according to claim 14, wherein increasing the evaporator fan speed

includes increasing the evaporator fan speed to an intermediate evaporator fan speed that

is below a maximum evaporator fan speed.

17. The method according to claim 14, further comprising:



closing the fresh air damper when the air quality measurement is above the

minimum air quality threshold; and

decreasing the evaporator fan speed in response to closing the fresh air damper.

18. The method according to claim 17, wherein closing the fresh air damper includes

closing the fresh air damper to an intermediate position, the intermediate position being

between a closed and an opened position.

19. The method according to claim 17, wherein decreasing the evaporator fan speed

includes decreasing the evaporator fan speed to an intermediate evaporator fan speed that

is above a minimum evaporator fan speed.
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