
TRANSPORT REFRIGERATION SYSTEM, TRANSPORT REFRIGERATION UNIT, AND METHODS
FOR SAME CROSS REFERENCE TO RELATED APPLICATION [0001]This application
claims priority to U.S. Provisional Patent Application Serial No.
61/224,994 entitled "Transport Refrigeration System, Transport
Refrigeration Unit, and Methods for Same," filed on July 13, 2009. The
content of this application is incorporated herein by reference in its
entirety. FIELD OF THE INVENTION [0002]This invention relates generally to
the field of transport refrigeration systems and methods of operating the
same. BACKGROUND OF THE INVENTION [0003]A particular difficulty of
transporting perishable items is that such items must be maintained within
a temperature range to reduce or prevent, depending on the items, spoilage,
or conversely damage from freezing. A transport refrigeration unit is used
to maintain proper temperatures within a transport cargo space. The
transport refrigeration unit can be under the direction of a controller.
The controller ensures that the transport refrigeration unit maintains a
certain environment (e.g., thermal environment) within the transport cargo
space. SUMMARY OF THE INVENTION 



[0004]In view of the background, it is an object of the application to
provide a transport refrigeration system, transport refrigeration unit, and
methods of operating same that can maintain cargo quality by selectively
controlling transport refrigeration system components. [0005]One
embodiment, according to the application can include a control module for a
refrigeration system. The control module includes a controller for
controlling the refrigeration system based on at least a remote cargo
sensor or a sensed temperature for cargo. WO 2011/008649PCT/US2010/041532
[0006]In an aspect of the invention, a transport refrigeration unit
includes a refrigeration module operatively coupled to an enclosed volume.
The refrigeration module includes a supply port to output air to the
enclosed volume at a supply temperature, a return port to return air from
to the enclosed volume to the refrigeration module at a return temperature,
at least one cargo temperature sensor unit to provide a cargo temperature
and a controller coupled to regulate the operation of the refrigeration
module responsive to the cargo temperature. [0007]In an aspect of the
invention, refrigeration module includes a compressor having a discharge
port and an input port, a condenser heat exchanger unit operatively coupled
to the discharge port, an evaporator heat exchanger unit operatively
coupled to the input port, a condenser fan disposed proximate to the
condenser heat exchanger unit and an evaporator fan disposed proximate to
the evaporator heat exchanger unit, the controller to regulate the
operation of the compressor, the condenser fan, and the evaporator fan.
[0008]In an aspect of the invention, a refrigeration unit includes a
refrigeration module operatively coupled to an enclosed volume. The
refrigeration module includes at least one cargo temperature sensor unit to
provide a cargo temperature and a controller coupled to operate the
refrigeration module in a first mode responsive to the first temperature
and the second temperature. The controller operates the refrigeration
module in a second mode responsive to the cargo temperature. [0009]In an
aspect of the invention, a method of operating a transport refrigeration
unit 



includes determining a remote cargo temperature reading, comparing the
remote cargo temperature to a corresponding selected value, entering a
power savings mode of the transport refrigeration unit when the remote
cargo temperature is less than or equal to the selected value and entering
an operations mode of the transport refrigeration unit when the remote
cargo temperature is not less than the selected value. In the method, the
power saving mode is exited when the remote cargo temperature is not less
than the corresponding selected value. BRIEF DESCRIPTION OF THE DRAWINGS
[0010]Novel features that are characteristic of exemplary embodiments of
the invention are set forth with particularity in the claims. Embodiments
of the invention itself may be best  be understood, with respect to its
organization and method of operation, with reference to the following
description taken in connection with the accompanying drawings in which:
[0011]FIG. 1 is a diagram that shows an embodiment of a transport
refrigeration system according to the application; [0012]FIG. 2 is a
diagram that shows another embodiment of a transport refrigeration system
according to the application; [0013]FIG. 3 is a flowchart that shows an
embodiment of a method of operating a transport refrigeration system
according to the application; 



[0014]FIG. 4 is a flowchart that shows another embodiment of a method of
operating a transport refrigeration system according to the application;
[0015]FIG. 5 is a flowchart that shows an embodiment of a method of
selecting control parameters for operating a transport refrigeration system
according to the application; [0016]FIG. 6 is a diagram that shows
exemplary temperature profiles with respect to time; [0017]FIG. 7 is a
diagram that shows additional exemplary temperature profiles with respect
to time; and [0018]FIG. 8 is a diagram that illustrates a plurality of
sensors in a refrigerated transport container. DETAILED DESCRIPTION OF
EXEMPLARY EMBODIMENTS [0019]Reference will now be made in detail to
exemplary embodiments of the 



application, examples of which are illustrated in the accompanying
drawings. Whenever possible, the same reference numerals will be used
throughout the drawings to refer to the same or like parts. [0020]FIG. 1 is
a diagram that shows an embodiment of a transport refrigeration system. As
shown in FIG. 1, a transport refrigeration system 100 can include a
transport refrigeration unit 10 coupled to an enclosed space within a
container 12. As shown in FIG. 1, the  transport refrigeration unit 10 is
configured to maintain a prescribed thermal environment within the
container 12 (e.g., cargo in an enclosed volume). [0021]In FIG. 1, the
transport refrigeration unit 10 is connected at one end of the container
12. Alternatively, the transport refrigeration unit 10 can be coupled to a
prescribed position on a side or more than one side of the container 12.
The transport refrigeration unit 10 can operate to induct air at a first
temperature and to exhaust air at a second temperature. In one embodiment,
the exhaust air from the transport refrigeration unit 10 will be warmer
than the inducted air such that the transport refrigeration unit 10 is
employed to heat the air in the container 12. In one embodiment, the
exhaust air from the transport refrigeration unit 10 will be cooler than
the inducted air such that the transport refrigeration unit 10 is employed
to cool the air in the container 12. Thus, the transport refrigeration unit
10 can induct air from the container 12 having a return temperature Tr
(e.g., first temperature) and exhaust air to the container 12 having a
supply temperature Ts (e.g., second temperature). [0022]In one embodiment,
the supply temperature Ts and the return temperature Tr were determined
using remote sensors 22, 24. Alternatively, the transport refrigeration
unit 10 can include one or more temperature sensors to determine and
transmit the return temperature Tr and/or the supply temperature Ts.
[0023]A transport refrigeration system 100 can provide air with controlled
temperature, humidity or/and species concentration into an enclosed chamber
where cargo is stored such as in container 12. As known to one skilled in
the art, the transport refrigeration system 100 is capable of controlling a
plurality of the environmental parameters or all environmental parameters
within corresponding ranges with a great deal of variety of cargos and
under all types of ambient conditions. [0024]As shown in FIG. 1, a single
remote sensor 20 can be put into cargo whose 



environmental conditions are to be controlled by transport refrigeration
unit 10. Alternatively, a plurality of remote sensors can be positioned in
the container 12. In one embodiment, the remote sensor 20 can be used to
determine a temperature of a cargo in the container 12. [0025]The transport
refrigeration system 100 can include additional remote sensor 22 and remote
sensor 24 to respectively measure the return air temperature Tr and the
supply air temperature Ts (e.g., 24). Remote sensors 20, 22, 24, as known
to one skilled in the art, can  communicate with main controller through
wire or wireless communications. For example, wireless communications can
include one or more radio transceivers such as one or more of 802.11 radio
transceiver, Bluetooth radio transceiver, GSM/GPS radio transceiver or
WIMAX (802.16) radio transceiver. Respective information collected by
remote sensor(s) can be used as input parameters (e.g., by a controller) to
control various components in transport refrigeration unit 10. In one
embodiment, remote sensors 20, 22, 24 can monitor additional criteria such
as humidity, species concentration or the like. [0026]In one embodiment,
the remote sensor 20 can be for cargo temperature Tc and can be located at
a point spaced apart from the remote sensor 24 providing the supply
temperature Ts. For example, when transport refrigeration unit 10 provides
a bottom front delivery system for supply air in the container 12, a
location for a single remote sensor 20 is rear top position in the
container 12. Alternatively, when transport refrigeration unit 10 provides
a top front delivery arrangement for supply air (e.g., truck), then a
single remote cargo sensor 20 can be located at a rear bottom location. In
one embodiment, the remote sensor 20 can be provided at a position in the
container 12 furthest from a supply duct for the transport refrigeration
unit 10. [0027]As shown in FIG. 8, in one embodiment, a plurality of remote
sensors 20' (20a, 20b, 20c,..., 20n) can be put into the container 12 to
measure cargo temperature for cargo whose environmental conditions are to
be controlled by transport refrigeration unit 10. For multiple remote
sensors 20' (20a, 20b, 20c,..., 20n), each of the sensors 20' can be
independently or directly coupled in communication with transport
refrigeration unit 10. However, embodiments according to the application
are not intended to be so limited as other connection configurations for
the remote sensors 20' can be used. For example, each sensor's physical
location for multiple remote sensors 20a, 20b, 20c,..., 20n may be mapped
out by peer-to-peer communication, and a single one of the sensors 20'
(e.g., 20c) can collect and communicate information from all sensors 20' to
the transport refrigeration unit 10. [0028]For multiple cargo temperature
sensors, various locations may be used. For example, randomly distributed
locations for the remote cargo sensors 20' can be used. Alternatively, the
remote cargo sensors 20' can be evenly distributed throughout loaded cargo
or at a periphery of loaded cargo. Further, the remote cargo sensors 20'
can be in direct contact with, embedded within (e.g., entirely or a probe
portion), or indirectly attached (slightly spaced from) to actual cargo. In
one embodiment, at least one sensor of the plurality of sensors 20' is
located at farthest point spaced away from the supply duct or the remote
sensor 24 for the supply temperature Ts. In one embodiment at least one
sensor of the plurality of sensors 20' is location at an elevated position
above the floor of the container 12 at farthest point spaced away from the
supply duct where actual cargo is loaded 



[0029]FIG. 2 is a diagram that shows an embodiment of a transport
refrigeration system. As shown in FIG. 2, a transport refrigeration system
200 can include a refrigeration module 210 coupled to a container 212,
which can be used with a trailer, an intermodal container, a train railcar
or the like, used for the transportation or storage of goods requiring a
temperature controlled environment, such as, for example foodstuffs and
medicines (e.g., perishable or frozen). The container 212 can include an
enclosed volume 214 for the transport/storage of such goods. The enclosed
volume 214 may be an enclosed space having an interior atmosphere isolated
from the outside (e.g., ambient atmosphere or conditions) of the container
212. [0030]The refrigeration module 210 is located so as to maintain the
temperature of the enclosed volume 214 of the container 212 within a
predefined temperature range. In one embodiment, the refrigeration module
210 can include a compressor 218, a condenser heat exchanger unit 222, a
condenser fan 224, an evaporation heat exchanger unit 226, an evaporation
fan 228, and a controller 250. [0031]The compressor 218 can be powered by
three phase electrical power, and can, for example, operate at a constant
speed. The compressor 218 may be a scroll compressor, such as, for example
a scroll compressor available from Carrier Corporation of Syracuse, New
York, USA. The transport refrigeration system 200 requires electrical power
from, and can be connected to a power supply unit (not shown) such as a
normal commercial power service, an external power generation system (e.g.,
shipboard), a generator (e.g., diesel generator) or the like. [0032]The
condenser heat exchanger unit 222 can be operatively coupled to a discharge
port of the compressor 218. The evaporator heat exchanger unit 226 can be
operatively coupled to an input port of the compressor 218. An expansion
valve 230 can be connected between an output of the condenser heat
exchanger unit 222 and an input of the evaporator heat exchanger unit 226.
WO 2011/008649PCT/US2010/041532 [0033]The condenser fan 224 can be
positioned to direct an air stream onto the condenser heat exchanger unit
222. The air stream from the condenser fan 224 can allow heat to be removed
from the coolant circulating within the condenser heat exchanger unit 222. 



[0034]The evaporator fan 228 can be positioned to direct an air stream onto
the evaporation heat exchanger unit 226. The evaporator fan 228 can be
located and ducted so as to circulate the air contained within the enclosed
volume 214 of the container 212. In one embodiment, the evaporator fan 230
can direct the stream of air across the surface of the evaporator heat
exchanger unit 226. Heat is thereby removed from the air, and the reduced
temperature air can be circulated within the enclosed volume 214 of the
container 212 to lower the temperature of the enclosed volume 214.
[0035]The controller 250 such as, for example, a MicroLink.TM 2i controller
available from Carrier Corporation of Syracuse, New York, USA, can be
electrically connected to the compressor 218, the condenser fan 224, and/or
the evaporator fan 228. The controller 250 can be configured to operate the
refrigeration module 210 to maintain a predetermined environment (e.g.,
thermal environment) within the enclosed volume 214 of the container 212.
The controller 250 can maintain the predetermined environment by
selectively controlling operations of the refrigeration module 210 or by
controlling one or more components of a transport refrigeration system. In
one embodiment, the controller 250 can generate and/or maintain the
predetermined environment by selectively controlling operations of the
compressor 218, the condenser fan 224, and the evaporator fan 228. For
example, if increased cooling of the enclosed volume 214 is required, the
electronic controller 250 can increase electrical power to the compressor
218, the condenser fan 224, and the evaporator fan 228. In one embodiment,
an economy mode of operation of the refrigeration module 210 can be
controlled by the controller 250. In another embodiment, variable speeds of
components of the refrigeration module 210 can be adjusted by the
controller 250. In another embodiment, a full cooling mode for components
of the refrigeration module 210 can be controlled by the controller 250. In
one embodiment, the controller 250 can adjust a flow of coolant supplied to
the compressor 216. [0036]An embodiment of a method of operating a
transport refrigeration system according to the application will now be
described. The method embodiment shown in FIG. 3, can be implemented in and
will be described using a transport refrigeration system  embodiment shown
in FIG. 2, however, the method embodiment is not intended to be limited
thereby. [0037]As shown in FIG. 3, after a process starts, a remote cargo
sensor reading such as temperature (e.g., Tc) is obtained (operation block
305). Then, the remote cargo sensor reading can be compared to a
corresponding selected value or range (e.g., temperature Ti) (operation
block 310). In one embodiment, when the remote cargo sensor reading is less
than or equal to the selected value or within a selected range, a power
savings mode of a transport refrigeration system is entered (operation
block 320). Otherwise, an operations mode that is not a power savings mode
such as a full cool mode is entered (operation block 330). From either
operations block 320 or operations block 330, control can jump back to
repeatedly obtain and compare the remote cargo sensor reading (operations
blocks 305, 310) until the process ends. [0038]An embodiment of a method of
operating a transport refrigeration system according to the application
will now be described. The method embodiment shown in FIG. 4, can be
implemented in and will be described using a transport refrigeration system
embodiment shown in FIG. 2, however, the method embodiment is not intended
to be limited thereby. 



[0039]As shown in FIG. 4, after a process starts, a remote cargo sensor
temperature Tc' such as cargo temperature Tc can be compared to a
corresponding upper limit of a temperature range (T upper limit) (operation
block 410). When the remote cargo sensor reading is not less than or equal
to the T upper limit value, a cooling mode of a transport refrigeration
module 210 such as a full cool mode is entered (operation block 420). In
one embodiment, the cooling mode is entered for a first prescribed time t
1. Alternatively, the full cool mode can be entered for a prescribed
temperature drop in a monitored temperature (e.g., Tc, Tr, Tr-Ts). Then,
the remote cargo sensor temperature Tc such can be compared to a
corresponding lower limit of the temperature range (T lower limit)
(operation block 415). When the remote cargo sensor reading is greater than
the T lower limit value, a first economy mode of the transport
refrigeration module 210 can be entered (operation block 430). In one
embodiment, the first economy mode is entered for a second prescribed time
t2. In the first economy mode, when an elapsed time is determined to be
greater than the second prescribed time t2 or a current remote cargo sensor
temperature Tc' is determined to be greater than T upper limit, the first
economy mode can be exited (operation block 435). WO
2011/008649PCT/US2010/041532 [0040]When the remote cargo sensor reading is
determined to be less than the T lower limit value (operation block 415), a
second economy mode of the transport refrigeration module 210 can be
entered (operation block 440). In one embodiment, the second economy mode
is operated for a third prescribed time t3. In the second economy mode,
when an elapsed time is determined to be greater than the third prescribed
time t3 or a current remote cargo sensor temperature Tc' is determined to
be greater than T upper limit, the second economy mode can be exited
(operation block 445). [0041]From either operations block 435 or operations
block 445, when it is determined that the refrigeration module is
operating, control can jump back to operation block 410. Otherwise, the
process can end (operation block 450). In the embodiment of a method of
operating a transport refrigeration unit of FIG. 4, the remote cargo sensor
reading can be repeatedly compared to a selected operating temperature
range. Further, the remote cargo sensor reading can be determined, for
example, periodically, aperiodically, repeatedly, or checked once per
second while operating in an economy mode (e.g., the first economy mode or
the second economy mode). Accordingly, embodiments of the application can
utilize cargo characteristics to conserve energy or power by operating in
an economy mode while reducing or preventing damage (e.g., spoilage) to
cargo such as perishable goods in transit. [0042]In the embodiment of FIG.
4, the first economy mode or the second economy mode can be different modes
of operating the refrigeration module 210. Alternatively, the first and
second economy modes could be the same mode. Further, the prescribed time
periods t 1, t2, t3 can have differing values such as tl< t2< t3, however,
embodiments are not intended to be so limited. For example, prescribed time
periods ti, t2 and t3 may have equal values. [0043]In operation, the
controller 250 can control the refrigeration module 210 or a selected set
of components thereof (e.g., the compressor 218, the condenser fan 228, and
the evaporator fan 230) to be in at least a first mode or a second mode of
operation. In one embodiment, the controller 250 can control operations
based on at least the temperature of cargo in the container 212 in the
first mode, and control operations based on at least the supply temperature
Ts and the return temperature Tr in the second mode. [0044]During
operations of exemplary embodiments of a transport refrigeration system 



according to the application, dependent on cargo loading pattern, ambient
conditions and/or cargo respiration heat, there are two (2) conditions of
temperature relationships where a cargo temperature Tc can preferably or
can accurately control conditions in the container 212 (e.g., a first
mode). In one condition, when Ts<Tc<Tr, the cooling and delivery capacity
are sufficient to create uniform distribution and the first mode can be
used. [0045]In another condition, when Ts<Tr and ITr-Tc I < Ktolerance),
the cooling and delivery capacity are sufficient to create uniform
distribution. In this case, Tr is approximately equal to (z) Tc because
Ktoierance is a small. For example, Ktoierance can be a constant such as
2C, 1F, 0.5 C, or 0.25F. When Tc is between Ts and Tr (or Tc is slightly
higher than Tr), the cooling and delivery capacity are sufficient to create
uniform distribution and the first mode of operation can be selected. In
the first mode, the refrigeration module 210 can switch to operate in a
power savings mode. In one embodiment, the controller 250 can reduce
evaporator fan speed from high to low and the controller 250 can continue
to monitor Tc in the first mode. In one embodiment, the controller 250 can
continue to monitor Ts, Tc, and Tr to make sure that condition 1 or
condition 2 is satisfied. While condition 1 or condition 2 are satisfied,
low speed evaporator fan mode can be maintained until either (or both
conditions) condition becomes unsatisfied. [0046]In one embodiment, when Tc
is selected or determined to be representative based on Tc, Tr, and Ts
comparisons (e.g., conditions 1 and 2), Tc can be controlled at or based on
a set point SP. When Tc becomes Tlim,up+SP, an economy mode can be
terminated, and a cooling mode can be entered. For example, the compressor
218 can be energized in the cooling mode. When Tc becomes SP-Tlim,low, the
cooling mode can be terminated, and the economy mode can be entered. For
example, in the economy mode, the fan (e.g., condenser fan 224 and/or
evaporator fan 228) can be operated at a low speed and the compressor
(e.g., the condenser fan 224 and the compressor 222) can be off. In this
example, Tlim,up and Tlim, low can be rising and lowering temperature error
values, respectively. [0047]FIG. 6 is a diagram that shows exemplary
temperature profiles with respect to time. For desired or ideal packing and
cargo loading, cargo temperature Tc is bound between the return air
temperature Tr and the supply air temperature Ts. As shown in FIG. 6, Tc
has flatter slope compared to Ts and Tr because of greater heat capacity of
cargo relative to air. Thus, when Tc can be used to control operations of
the refrigeration module 210, an increased accuracy (e.g., less
variability) can result in improved transport conditions and/or decreased
energy consumption.  WO 2011/008649PCT/US2010/041532 [0048]FIG. 7 is a
diagram that shows additional exemplary temperature profiles with respect
to time. As shown in FIG. 7, experimental data illustrate temperature
profiles with the cargo temperature Tc remaining relatively flat compared
to fluctuations of the return air temperature Tr and the supply air
temperature Ts. As shown in FIG. 7, the cargo temperature Tc did remain
bounded by the return air temperature Tr and the supply air temperature Ts
during the experimental period. 



[0049]In a second mode, the controller 250 can control operations of the
refrigeration module 210 based on the return air temperature Tr and the
supply air temperature Ts as known to one skilled in the art. [0050]FIG. 5
is a flowchart that shows an embodiment of a method of selecting control
parameters for operating a transport refrigeration system according to the
application. As shown in FIG. 5, after a process starts, the supply
temperature is monitored until it drops to a set point SP temperature
(operation block 510). For example, the refrigeration module 210 can
operate in a cooling mode while repeatedly or periodically checking whether
the supply temperature Ts is less than equal to the SP temperature.
[0051]Determining whether the supply temperature Ts < the SP temperature is
one exemplary way to judge that the refrigeration module 210 is operating
accurately. After it is determined the refrigeration unit is operating
properly (e.g., after operation block 510), a control parameter for the
refrigeration module can be determined. In one embodiment, the control
parameter can be selected between (a) the supply temperature Ts and the
return temperature Tr or (b) the cargo temperature. The cargo temperature
Tc can be compared to the return temperature Tr to decide whether these two
values are close together by checking if ITr-Tc I <a tolerance value
(operation block 515). When a result of operation block 515 is affirmative,
the control parameter for the controller 250 can be at least the cargo
temperature Tc (operation block 520). When a result of operation block is
negative, the cargo temperature Tc can be compared to the return
temperature Tr to judge whether Tc<Tr (operation block 520). When a result
of operation block 525 is negative, the control parameter for the
controller 250 can be the supply and return temperatures Ts, Tr (operation
block 530). [0052]When a result of operation block 525 is affirmative, the
supply temperature Ts and the cargo temperature Tc can be compared to
determine whether Ts < Tc (operation block 535). When a result of operation
block 535 is affirmative, the control parameter for the controller 250 can
be at least the cargo temperature Tc (operation block 520). When a result
of operation block 535 is negative, operations of the sensors are checked
and control jumps back to operation block 510. Alternatively, when a result
of operation block 535 is negative, an indeterminate condition (e.g.,
caused by low air flow) or an error condition can be notified to the
controller 250 and/or an operator. [0053]In one embodiment, when the
control parameter is the cargo temperature, control based on cargo
temperature may allow the refrigeration module 210 to maintain cargo
temperature Tc (e.g., within a tolerance) instead of maintaining air
temperature. Control based on cargo temperature Tc can dramatically reduce
fuel usage while preserving cargo quality. [0054]In one embodiment of the
refrigeration unit 10 (e.g., as shown in FIG. 2), the 



condenser fan 224 is replaced by a first circulating fluid heat exchanger
102 and the evaporator fan 228 is replaced by a second circulating fluid
heat exchanger 104. The first circulating fluid heat exchanger 102 can be
thermally coupled to the condenser heat exchanger unit 222 to remove heat
from the coolant and transfer the heat to a second circulating fluid. The
second circulating fluid heat exchanger 104 can be thermally coupled to the
evaporator heat exchange unit 226 to transfer heat from a third circulating
fluid within the second circulating fluid heat exchanger 104 to the coolant
within the evaporator heat exchange unit 226. [0055]Although embodiments of
the application have described the remote cargo sensor as capable of
monitoring temperature of the cargo (e.g., directly or indirectly),
embodiments of the application are not intended to be so limited. For
example, the remote cargo sensor may monitor other transport container
characteristics such as humidity, species concentration (e.g., 02, CO2,
ethanol, N2, or the like), cargo respiration, or similar ambient conditions
outside the container. Such monitoring can result in controlling (e.g., by
the controller 250 or refrigeration module 210) the monitored
characteristic to be below a selected value or within a selected range as
known to one skilled in the art. For example, if a CO2 level were too high
in the container, outside atmosphere can replace a portion of the enclosed
volume of air to reduce the CO2 level until it is considered appropriate
again.  WO 2011/008649PCT/US2010/041532 [0056]Descriptions of an economy
mode of operation of a component of the transport refrigeration system 100,
a component of the refrigeration module 210 or controlled by the controller
250 have been variously described herein. Embodiments of the application
are not intended to be limited to a specific or single economy mode of
operation, but are intended to include modes that reduce energy or power
consumption such as but not limited to (i) operating only the evaporation
fan 228 and operating the evaporation fan at a reduced speed, (ii)
operating the evaporation fan 228, the condenser fan 224 and compressor 218
at a reduced or low speed, (iii) operating the evaporation fan 228, the
condenser fan 224 and compressor 218 individually or in combination at a
variable speed; (iv) turning off the refrigeration module 210 or turning
off the evaporation fan 228, the condenser fan 224 and compressor 218, (v)
etc. [0057]According to embodiments of the application, a remote cargo
sensor value is input to the transport refrigeration system 200, the
transport refrigeration module 210 or the controller 250 to control
operations of at least one component of the transport refrigeration system
responsive to the received or input remote cargo sensor value to reduce
power consumption or provide improvement in transport conditions for cargo.
[0058]Embodiments of the application have been described herein with
reference to a heat evaporation type heat exchanger. However, embodiments
of the application are not intended to be so limited. For example,
embodiment of the application may be configured to use a heat absorption
type heat exchanger. [0059]The transport refrigeration system 100
illustrated in the figures may be of the type 



commonly employed on refrigerated trailers and/or for use with containers
12. Exemplary containers 12 described herein may be towed by a semi-truck
for road transport. However, those having ordinary skill in the art will
appreciate that an exemplary container according to the application is not
limited to such trailers and may encompass, by way of example only and not
by way of limitation, trailers adapted for piggy-back use, railroad cars,
and container bodies contemplated for land and sea service. [0060]With the
increase of fuel cost, there is increasing demand to reduce or minimize
power consumption without compromising cargo quality. In the related art,
temperature control can be determined by return and/or supply air sensors.
Usually, specific heat of cargo is greater than air, therefore cargo
temperature can change slower than air temperature (e.g.,  supply and
return air temperatures). Control based on cargo temperature according to
embodiments of the application may allow unit start/stop to
maintain/monitor cargo temperature within tolerance instead of
maintaining/monitoring air temperature. This can dramatically reduce fuel
usage while preserving cargo quality. [0061]While the present invention has
been described with reference to a number of specific embodiments, it will
be understood that the true spirit and scope of the invention should be
determined only with respect to claims that can be supported by the present
specification. Further, while in numerous cases herein wherein systems and
apparatuses and methods are described as having a certain number of
elements it will be understood that such systems, apparatuses and methods
can be practiced with fewer than the mentioned certain number of elements.
Also, while a number of particular embodiments have been set forth, it will
be understood that features and aspects that have been described with
reference to each particular embodiment can be used with each remaining
particularly set forth embodiment.  WE CLAIM:       1. A transport
refrigeration unit for regulating the temperature of an enclosed volume,
the transport refrigeration unit comprising:      a refrigeration module
operatively coupled to said enclosed volume, said refrigeration module
including:    a supply port to output air to said enclosed volume at a
supply temperature; a return port to return air from to said enclosed
volume to the refrigeration module at a return temperature; 



at least one cargo temperature sensor unit to provide a cargo temperature;
and a controller coupled to regulate the operation of said refrigeration
module responsive to said cargo temperature.       2. The transport
refrigeration unit of claim 1, said controller to selectively operate said
refrigeration module in a first mode of operation or in a second mode of
operation responsive to said cargo temperature.       3. The transport
refrigeration unit of claim 2, said controller to selectively operate said
refrigeration module in said first mode of operation responsive to said
supply temperature and said return temperature.       4. The transport
refrigeration unit of claim 3, said controller to selectively operate said
refrigeration module responsive to said cargo temperature when said cargo
temperature is Ts<Tc<Tr, where Ts is said supply temperature, Tr is said
return temperature and Tc is said cargo temperature.       5. The transport
refrigeration unit of claim 1, said at least one cargo temperature sensor
to include a plurality of cargo temperature sensor units, wherein a first
cargo temperature sensor unit is positioned at a cargo position away from
said supply port.       6. The transport refrigeration unit of claim 5,
said first cargo temperature sensor unit positioned at a cargo position
horizontally distant and vertically distant from said supply port.       7.
The transport refrigeration unit of claim 1, said at least one cargo
temperature sensor is wirelessly connected or has a wired connection to the
refrigeration module.  WO 2011/008649PCT/US2010/041532        8. The
transport refrigeration unit of claim 1, said refrigeration module
including: a compressor having a discharge port and an input port; a
condenser heat exchanger unit operatively coupled to said discharge port;
an evaporator heat exchanger unit operatively coupled to said input port; 



a condenser fan disposed proximate to said condenser heat exchanger unit;
and an evaporator fan disposed proximate to said evaporator heat exchanger
unit, said controller to regulate the operation of said compressor, said
condenser fan, and said evaporator fan.        9. The transport
refrigeration unit of claim 1, said controller to selectively operate in an
economy mode or an operations mode responsive to said cargo temperature in
a second mode; said controller to selectively operate in the economy mode
or the operations mode responsive to a return temperature and a supply
temperature in a first mode.        10. The transport refrigeration unit of
claim 1, wherein said at least one cargo temperature sensor unit is for
direct or indirect connection to a cargo for reading said cargo temperature
for said cargo.        11. The transport refrigeration unit of claim 1,
said controller to operate said refrigeration module responsive to a
humidity, cargo respiration, or species concentration of the enclosed
volume or ambient conditions outside the enclosed volume.        12. A
refrigeration unit for regulating the temperature of an enclosed volume,
the refrigeration unit comprising:       a refrigeration module operatively
coupled to said enclosed volume, said refrigeration module including: at
least one cargo temperature sensor unit to provide a cargo temperature; and
a controller coupled to operate said refrigeration module in a first mode
responsive to said first temperature and said second temperature, said
controller to operate said refrigeration module in a second mode responsive
to said cargo temperature.        13. The refrigeration unit of claim 12,
said controller to selectively operate said refrigeration module responsive
to said cargo temperature when said cargo temperature is  



Ts<Tc<Tr, where Ts is a supply temperature being said first temperature, Tr
is a return temperature being said second temperature and Tc is said cargo
temperature.       14. The refrigeration unit of claim 12, said at least
one cargo temperature sensor to include a plurality of cargo temperature
sensor units, wherein a first cargo temperature sensor unit is positioned
at a cargo position away horizontally and vertically distant from said
first port.       15. A method of operating a transport refrigeration unit,
comprising: determining a remote cargo temperature reading;    comparing
said remote cargo temperature to a corresponding selected value; entering a
power savings mode of said transport refrigeration unit when the remote
cargo temperature is in an approximation of the selected value; and
entering an operations mode of said transport refrigeration unit when the
remote cargo temperature is out of the approximation of the selected value,
wherein the power saving mode is exited when the remote cargo temperature
is not less than said corresponding selected value.       16. The method of
claim 15, comprising said controller to selectively operating said
refrigeration unit in said power savings mode responsive to said cargo
temperature when said cargo temperature is Ts<Tc<Tr, where Ts is a supply
temperature, Tr is a return temperature and Tc is said remote cargo
temperature.       17. The method of claim 16, comprising determining a
plurality of remote cargo temperatures, wherein a first cargo temperature
is determined for a cargo position away horizontally and vertically distant
from said supply temperature. 




