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INTELLIGENT COMPRESSOR FLOODED START MANAGEMENT

Background of the Invention

[0001] This disclosure relates generally to vapor compression systems and, more
particularly, to flooded start management of a compressor in a refrigerant vapor compression
system.

[0002] Conventional vapor compression systems typically include a compressor, a
heat rejection heat exchanger, a heat absorption heat exchanger, and expansion device
disposed upstream with respect to working fluid flow of the heat absorption heat exchanger
and downstream of the heat rejection heat exchanger. These basic system components are
interconnected by working fluid lines in a closed circuit, arranged in accord with known
vapor compression cycles. Vapor compression systems charged with a refrigerant as the
working fluid are commonly known as refrigerant vapor compression systems.

[0003] Refrigerant vapor compression systems are commonly used for conditioning
air to be supplied to a climate controlled comfort zone within a residence, office building,
hospital, school, restaurant or other facility. Refrigerant vapor compression system are also
commonly used for refrigerating air supplied to display cases, merchandisers, freezer
cabinets, cold rooms or other perishable/frozen product storage areas in commercial
establishments. Refrigerant vapor compression systems are also commonly used in transport
refrigeration systems for refrigerating air supplied to a temperature controlled cargo space of
a truck, trailer, container or the like for transporting perishable/frozen items by truck, rail,
ship or intermodal. Refrigerant vapor compression systems used in connection with transport
refrigeration systems are generally subject to more stringent operating conditions than in air
conditioning or commercial refrigeration applications due to the wide range of operating load
conditions and the wide range of outdoor ambient conditions over which the refrigerant vapor
compression system must operate to maintain product within the cargo space at a desired
temperature.

[0004] In all vapor compression systems, the compressor is designed for compressing
working fluid received at the suction inlet of the compressor in vapor state at a relatively
lower pressure. The working fluid vapor is compressed and discharged from the compressor
as a relatively higher pressure vapor. However, if the vapor compression system is started
after an extended period time in during which the compressor has not been operating,
working fluid trapped in the compressor when the system was shut down, as well as working

fluid that may have migrated into the compressor during the extended period of shutdown,
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will accumulate in the compressor sump in a liquid state. Typically, a flooded refrigerant
compressor may have from as little as one pound of refrigerant up to ten pounds of refrigerant
accumulated in the compressor sump. Consequently, upon start-up of the compressor after
the vapor compression system has been shut down for an extended period of time, liquid
working accumulate within the sump can be drawn into the compression mechanism of the
compressor. A start of the compressor with liquid working accumulated in the compressor
sump is commonly referred to a “flooded start”. A flooded start of the compressor is
undesirable for several reasons, including the potential for permanent damage to the

compression elements. Also, flooded starts are noisy.

Summary of the Invention

[0005] In an aspect, a method is provided for managing a flooded start of a
compressor in a vapor compression system, including; initiating an initial bump start of the
compressor; terminating the initial bump start; determining whether a working fluid in a
liquid state remains in a sump of the compressor; and if working fluid in a liquid state
remains in the compressor sump, initiating an additional bump start of the compressor. The
method further includes: following termination of the additional bump start of the
compressor, determining whether working fluid in a liquid state still remains in the
compressor sump; if working fluid in a liquid state remains in the compressor sump, initiating
another additional bump start of the compressor; and repeating the aforesaid sequence until
no working fluid in the liquid state remains in the compressor sump. A normal start of the
compressor may be initiated after determining no working fluid in the liquid state remains in
the compressor sump.

[0006] In an aspect, a method is provided for managing a flooded start of a
compressor in a refrigerant vapor compression system, that includes: reading an initial
saturated suction pressure prior to initiating the flooded start of the compressor; initiating an
initial bump start of a potential sequence of bump starts of the compressor; terminating the
initial bump start of the compressor; upon termination of the initial bump start, pausing for a
preset period of time; upon lapse of the preset period of time, reading the current saturation
suction pressure; comparing the current saturation suction pressure to the initial saturation
suction pressure; and if the current saturation suction pressure is not less than the initial
saturation suction pressure by an amount greater than a preselected pressure differential,
continuing the sequence of bump starts and comparing the then current saturation suction

pressure to the initial saturation suction pressure until the then current saturation suction
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pressure is less than the initial saturation suction pressure by an amount greater than the
preselected pressure differential. The method may further include: reading an ambient air
temperature; if the then current saturation suction pressure is less than the initial saturation
suction pressure by an amount greater than the preselected pressure differential, calculating a
then current saturated suction temperature based on the then current saturation suction
pressure; comparing the calculated current saturated suction temperature to the ambient air
temperature; and if the calculated current saturated suction temperature is less than the
ambient air temperature by an amount greater than a preselected temperature differential,

discontinuing the sequence of bump starts and performing a normal start of the compressor.

Brief Description of the Drawings
[0007] For a further understanding of the disclosure, reference will be made to the
following detailed description which is to be read in connection with the accompanying

drawing, wherein:

[0008] FIG. 1 is a view of a refrigerated trailer equipped with a transport refrigeration
system,;
[0009] FIG. 2 is a schematic diagram of an embodiment of a transport refrigeration

system having a scroll compressor is driven by a motor; and
[0010] FIG. 3 shows a block diagram illustration of an embodiment of the method as

disclosed herein for managing a flooded start of a compressor of a vapor compression system.

Detailed Description of the Invention

[0011] Referring initially to FIG. 1, the method for intelligent adaptive management
of a flooded start of a compressor of a vapor compression system disclosed herein will be
described in application to a refrigeration vapor compressor of a transport refrigeration
system 10 mounted to a front wall of a trailer 12 pulled by a tractor 14 for transporting
perishable goods, such as fresh or frozen products. The exemplary trailer 12 depicted in FIG.
1 includes a cargo container/box 16 defining an interior cargo space 18 wherein the
perishable goods are stowed for transport. The transport refrigeration system 10 is operative
to climate control the atmosphere within the interior cargo space 18 of the cargo
container/box 16 of the trailer 12. It is to be understood that the method disclosed herein may
be applied not only to refrigeration systems associated with trailers, but also to refrigeration

systems applied to refrigerated trucks, to intermodal containers.
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[0012] Further, it is to be understood that the method for intelligent adaptive
management of a flooded start of a compressor of a vapor compression system disclosed
herein may also be applied to refrigerant vapor compression systems in conditioning air to be
supplied to a climate controlled comfort zone within a residence, office building, hospital,
school, restaurant or other facility, or in refrigerating air supplied to display cases,
merchandisers, freezer cabinets, cold rooms or other perishable/frozen product storage areas
in commercial establishments. In refrigerant vapor compression systems, the working fluid is
a refrigerant, such as for example but not limited to. hydrochlorofluorocarbon refrigerants,
hdyrofluorocarbon refrigerants, carbon dioxide and refrigerant mixtures containing carbon
dioxide. However, the method for intelligent adaptive management of a flooded start of a
compressor of a vapor compression system disclosed herein may also be applied to vapor
compression systems used in non-refrigeration applications and charged with working fluids
that are not refrigerants per se.

[0013] Referring to FIG. 2, there is depicted an embodiment of a transport
refrigeration system 10 for cooling the atmosphere within the interior space 18 of the cargo
box 16 of the trailer 12 or the cargo box of a truck, container, intermodal container or similar
cargo transport unit. The transport refrigeration system 10 includes a refrigerant vapor
compression system 20, also referred to herein as transport refrigeration unit 20, including a
compressor 22, a refrigerant heat rejection heat exchanger 24 (shown as a condenser in the
depicted embodiments) with its associated fan(s) 25, an expansion device 26, a refrigerant
evaporator heat exchanger 28 with its associated fan(s) 29, and a suction modulation valve 30
connected in a closed loop refrigerant circuit and arranged in a conventional refrigeration
cycle. The transport refrigeration system 10 further includes a diesel engine 32 equipped
with an engine throttle position sensor 33, an electronic refrigeration unit controller 34 and an
electronic engine controller 36. The transport refrigeration system 10 is mounted as in
conventional practice to an exterior wall of the truck, trailer or container with the compressor
22 and the condenser heat exchanger 24 with its associated condenser fan(s) 25, and diesel
engine 32 disposed externally of the refrigerated cargo box 16.

[0014] As in conventional practice, when the transport refrigerant unit 20 is operating
in a cooling mode, low temperature, low pressure refrigerant vapor is compressed by the
compressor 22 to a high pressure, high temperature refrigerant vapor and passed from the
discharge outlet of the compressor 14 to circulate through the refrigerant circuit to return to
the suction inlet of the compressor 22. The high temperature, high pressure refrigerant vapor

passes into and through the heat exchange tube coil or tube bank of the condenser heat
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exchanger 24, wherein the refrigerant vapor condenses to a liquid, thence through the
receiver 38, which provides storage for excess liquid refrigerant, and thence through the
subcooler coil of the condenser heat exchanger 24. The subcooled liquid refrigerant then
passes through a first refrigerant pass of the refrigerant-to-refrigerant heat exchanger 40, and
thence traverses the expansion device 26 before passing through the evaporator heat
exchanger 28. In traversing the expansion device 26, which may be an electronic expansion
valve (“EXV”) as depicted in FIG. 2, or a mechanical thermostatic expansion valve (“TXV”),
the liquid refrigerant is expanded to a lower temperature and lower pressure prior to passing
to the evaporator heat exchanger 28.

[0015] In flowing through the heat exchange tube coil or tube bank of the evaporator
heat exchanger 28, the refrigerant evaporates, and is typically superheated, as it passes in heat
exchange relationship return air drawn from the cargo space 18 passing through the airside
pass of the evaporator heat exchanger 28. The refrigerant vapor thence traverses a second
refrigerant pass of the refrigerant-to-refrigerant heat exchanger 40 in heat exchange
relationship with the liquid refrigerant passing through the first refrigerant pass thereof.
Before entering the suction inlet of the compressor 22, the refrigerant vapor passes through
the suction modulation valve 30 disposed downstream with respect to refrigerant flow of the
refrigerant-to-refrigerant heat exchanger 40 and upstream with respect to refrigerant flow of
the suction inlet of the compressor 22. The refrigeration unit controller 34 controls operation
of the suction modulation valve 30 and selectively modulates the open flow area through the
suction modulation valve 30 so as to regulate the flow of refrigerant passing through the
suction modulation valve to the suction inlet of the compressor 22. By selectively reducing
the open flow area through the suction modulation valve 30, the refrigeration unit controller
30 can selectively restrict the flow of refrigerant vapor supplied to the compressor 22, thereby
reducing the capacity output of the transport refrigeration unit 20 and in turn reducing the
power demand imposed on the engine 32.

[0016] Air drawn from within the cargo box 16 by the evaporator fan(s) 29 associated
with the evaporator heat exchanger 28, is passed over the external heat transfer surface of the
heat exchange tube coil or tube bank of the evaporator heat exchanger 28 and circulated back
into the interior space 18 of the cargo box 16. The air drawn from the cargo box is referred to
as “return air” and the air circulated back to the cargo box is referred to as “supply air”. It is
to be understood that the term “air’ as used herein includes mixtures of air and other gases,
such as for example, but not limited to nitrogen or carbon dioxide, sometimes introduced into

a refrigerated cargo box for transport of perishable product such as produce.

5



WO 2013/134240 PCT/US2013/029077

[0017] In the embodiment of the transport refrigeration system depicted in FIG. 2, the
compressor 22 comprises a semi-hermetic scroll compressor having an internal electric drive
motor (not shown) and a compression mechanism (not shown) having an orbital scroll
mounted on a drive shaft driven by the internal electric drive motor that are all sealed within
a common housing of the compressor 22. The fueled-fired engine 32 drives an electric
generator 42 that generates electrical power for driving the compressor motor that in turn
drives the compression mechanism of the compressor 22. The drive shaft of the fueled-fired
engine drives the shaft of the generator 42. In this embodiment, the fan(s) 25 and the fan(s)
29 may be driven by electric motors that are supplied with electric current produced by the
generator 42. In an electrically powered embodiment of the transport refrigeration system 10,
the generator 42 comprises a single on-board engine driven synchronous generator
configured to selectively produce at least one AC voltage at one or more frequencies. The
compressor 22 may comprise a single stage compressor or a multi-stage compressor or
multiple single stage compressors disposed in series refrigerant flow relationship. The
refrigerant unit 20 may also include an economizer circuit (not shown), if desired.

[0018] In the transport refrigeration system 10, the refrigeration unit controller 34 is
configured not only to control operation of the refrigerant vapor compression system 20
based upon consideration of refrigeration load requirements, ambient conditions and various
sensed system operating parameters as in conventional practice, but also is configured to
manage a flood start of the compressor 22 in accordance with the intelligent adaptive
compressor flooded start management logic of the method 100 depicted in FIG. 3. If the
refrigeration vapor compression system 20 has been in shut down for an extended period of
time, refrigerant in the system will migrate over time to the compressor 22 and accumulate in
a liquid state in the sump of the compressor 22.

[0019] The refrigeration unit controller 34 will perform a bump start procedure of the
compressor 22 before bringing the refrigeration unit 20 on-line if the compressor 22 has been
off, i.e. not running, for a continuous extend period, for example a period of twenty-four
hours, or if a pressure equalization across the compressor 22 has been detected after an even
shorter shutdown period, for example two hours. A pressure equalization across the
compressor 22 is considered to exist if the difference been the pressure at the compressor
discharge outlet and the pressure at the compressor suction inlet is less than ten psi (pounds
per square inch (0.7 kilograms-force per square centimeter).

[0020] Referring now to FIG. 3, before bringing the refrigerant vapor compression

system 20 on-line after an extend period in shut down or after a pressure equalization
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condition has been detected as discussed above, refrigeration unit controller 34 will initiate,
at block 102, a cold compressor flooded start sequence in accordance with the intelligent
adaptive compressor flooded start management logic of the method 100. First, at step 104,
the refrigeration unit controller 34 will read the current ambient air temperature, AAT, as
sensed by an ambient air temperature sensor, 44, and also read the current compressor suction
pressure, SP1, as sensed by a suction pressure sensor 46. As the suction modulation valve 30
was closed upon shutdown of the refrigeration unit 30 and remains closed throughout the
bump start sequence, the compressor suction pressure, SP1, sensed by the suction pressure
sensor 46, is indicative of the refrigerant saturation pressure within the compressor sump.
Next, at block 106, the refrigerant unit controller 34 will “bump start” the compressor 22. As
used herein, the term “bump start” or “bump starting” means providing electric current to the
drive motor of the compressor 22 for a very short period of time on the order of one second
before again terminating the supply of electric current to the compressor drive motor.

[0021] As aresult of being powered with electric current during the bump start, the
compressor drive motor drives the compression mechanism of the compressor 22, which
reduces the suction pressure and results in liquid refrigerant in the sump of the compressor 22
being boiled off. Depending upon the amount of liquid refrigerant having accumulated in the
compressor sump, only a portion of or the entire accumulated liquid refrigerant in the
compressor sump will be boiled off as a result of this first bump start. At termination of the
bump start, the refrigeration unit controller 34, at block 108, will allow a preset period of
time to lapse, for example in the range of least seven to ten seconds, before again reading the
then current compressor suction pressure, SP2, at block 110. This time lapse allows
conditions within the compressor sump to reach an equilibrium following termination of the
bump start. The current compressor suction pressure, SP2, represents the saturation
refrigerant pressure in the compressor sump. At this point, the refrigeration unit controller 34
will also calculate the saturation suction temperature, SST, based on current compressor
suction pressure, SP2. The saturation suction temperature, SST, represents the saturation
refrigerant temperature

[0022] At block 112, to determine whether an additional bump start is required to
evaporate the liquid refrigerant accumulated in the compressor sump and clear the liquid
refrigerant from the compressor sump, the refrigeration unit controller 34 will compare the
current compressor suction pressure to the initial compressor suction pressure, SP1, and also
compares the calculated saturation suction temperature, SST, to the ambient air temperature,

AAT. If the calculated compressor saturated suction temperature, SST, is not less than the
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ambient air temperature, AAT, by a temperature difference greater than a preselected
temperature difference, AT, or the current compressor suction pressure, SP2, is not less than
the initial compressor suction pressure, SP1, by a pressure difference greater than a
preselected pressure difference, AP, the refrigeration control unit 34 will return to block106,
initiate another bump start of the compressor 22, and again cycle through blocks 108 to 112.
[0023] The refrigeration unit controller 34 will continue to cycle through blocks 106
to 112 of the method 100 until the comparisons at block 112 indicate that all of the liquid
refrigerant accumulated within the compressor sump has been boiled off. That is, if at block
112, the calculated compressor saturated suction temperature, SST, is less than the ambient
air temperature, AAT, by a temperature difference greater than the preselected temperature
difference, AT, and the current compressor suction pressure, SP2, is less than the initial
compressor suction pressure, SP1, by a pressure difference greater than the preselected
pressure difference, AP, the refrigerant unit controller 34 will initiate a normal system and
compressor to bring the refrigerant vapor compression system 20 on-line knowing that all
liquid refrigerant in the compressor sump has been boiled off and only refrigerant vapor is
now present.

[0024] The preselected temperature difference, AT, and the preselected temperature
difference, AP, should be selected to ensure that once the current suction pressure and
saturated suction pressure at the end of a bump start and time pause cycle meet the conditions
set forth in block 112, liquid refrigerant cannot be present for the particular refrigerant with
which the refrigerant vapor compression system is charged. In an embodiment, for example,
the preselected temperature difference, AT, may be set at 20 degrees F (11 degrees C) and the
preselected temperature difference, AP, may be set at 5 pounds per square inch gage (0.35
kilogram-force per square centimeter).

[0025] Thus, the method for managing a flood start of the compressor in accordance
with the intelligent adaptive compressor flooded start management logic of the method 100
depicted in FIG. 3 ensures a reliable flooded start of the compressor without risk of damage
from a potentially significant amount of liquid refrigerant being drawn into the compression
mechanism of the compressor. Rather than implementing a preset number of bumps on each
flooded start, a number typically specified by the compressor manufacturer, the method
discussed herein ensures that only the number of bump starts that is actually needed to clear
the compressor sump of liquid refrigerant is the number of bumps implemented, no less or no

more. The elimination of excessive bump starts over time should contribute to increased



WO 2013/134240 PCT/US2013/029077

compressor reliability, reduced nuisance compressor bump starts when liquid refrigerant is
not present, and longer compressor motor life.

[0026] The terminology used herein is for the purpose of description, not limitation.
Specific structural and functional details disclosed herein are not to be interpreted as limiting,
but merely as basis for teaching one skilled in the art to employ the present invention. Those
skilled in the art will also recognize the equivalents that may be substituted for elements
described with reference to the exemplary embodiments disclosed herein without departing
from the scope of the present invention.

[0027] While the present invention has been particularly shown and described with
reference to the exemplary embodiments as illustrated in the drawing, it will be recognized
by those skilled in the art that various modifications may be made without departing from the
spirit and scope of the invention. For example, although the compressor 22 is illustrated as a
scroll compressor in a transport refrigeration unit, it is to be understood that the method
disclosed herein may be applied for managing a flooded start of a scroll compressor in a
residential or commercial air conditioning unit or commercial refrigeration unit, for managing
a flooded start in other types of compressors. Therefore, it is intended that the present
disclosure not be limited to the particular embodiment(s) disclosed as, but that the disclosure

will include all embodiments falling within the scope of the appended claims.
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We Claim:

1. A method for managing a flooded start of a compressor in a vapor
compression system, comprising;

initiating an initial bump start of the compressor;

terminating the initial bump start;

determining whether a working fluid in a liquid state remains in a sump of the
compressor; and

if working fluid in a liquid state remains in the compressor sump, initiating an
additional bump start of the compressor.

2. The method as set forth in claim 1 further comprising;

following termination of the additional bump start of the compressor, determining
whether working fluid in a liquid state still remains in the compressor sump;

if working fluid in a liquid state remains in the compressor sump, initiating another
additional bump start of the compressor; and

repeating the aforesaid sequence until no working fluid in the liquid state remains in
the compressor sump.

3. The method as set forth in claim 2 further comprising initiating a normal start
of the compressor after determining no working fluid in the liquid state remains in the

compressor sump.

4. The method as set forth in claim 3 wherein the compressor comprises a scroll
COmpressor.
5. A method for managing a flooded start of a compressor in a refrigerant vapor

compression system, comprising:

reading an initial saturated suction pressure prior to initiating the flooded start of the
compressor;

initiating an initial bump start of a potential sequence of bump starts of the
compressor;

terminating the initial bump start of the compressor;

upon termination of the initial bump start, pausing for a preset period of time;

upon lapse of the preset period of time, reading the current saturation suction
pressure;

comparing the current saturation suction pressure to the initial saturation suction

pressure; and
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if the current saturation suction pressure is not less than the initial saturation suction
pressure by an amount greater than a preselected pressure differential, continuing the
sequence of bump starts and comparing the then current saturation suction pressure to the
initial saturation suction pressure until the then current saturation suction pressure is less than
the initial saturation suction pressure by an amount greater than the preselected pressure
differential.

6. The method as set forth in claim 5 wherein the preselected pressure
differential is 5 pounds per square inch gauge.

7. The method as set forth in claim 5 further comprising:

reading an ambient air temperature;

if the then current saturation suction pressure is less than the initial saturation suction
pressure by an amount greater than the preselected pressure differential, calculating a then
current saturated suction temperature based on the then current saturation suction pressure;

comparing the calculated current saturated suction temperature to the ambient air
temperature; and

if the calculated current saturated suction temperature is less than the ambient air
temperature by an amount greater than a preselected temperature differential, discontinuing
the sequence of bump starts and performing a normal start of the compressor.

8. The method as set forth in claim 7 wherein the preselected temperature

differential is 20 degrees F (11.1 degrees C).

9. The method as set forth in claim 5 wherein the compressor comprises a scroll
COmpressor.
10. The method as set forth in claim 5 wherein the refrigerant vapor compression

system comprises a transport refrigeration unit for conditioning an atmosphere within a
mobile cargo box.

11. The method as set forth in claim 5 wherein the refrigerant vapor compression
system comprises a transport refrigeration unit for conditioning an atmosphere within a

refrigerated trailer.
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