METHOD OF MANAGING COMPRESSOR START FOR TRANSPORT
REFRIGERATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisidnapplication
No. 62/616,175, filed January 11, 2018, the disgle®f which is incorporated herein by

reference in its entirety.
BACKGROUND

[0002] This disclosure relates generally to transportigefation systems and,
more particularly, to a compressor start systemraathod for highly soluble refrigerants

and oil combinations utilized in transport refriggon systems.

[0003] A transport refrigeration system used to contralesed areas, such as the
insulated box used on trucks, trailers, contain@rsjmilar intermodal units, functions by
absorbing heat from the enclosed area and releds@ng outside of the box into the
environment. The transport refrigeration system mmmly includes a compressor to
pressurize refrigerant vapor, and a condenser ¢ @ pressurized vapor from the
compressor, thereby changing the state of thegesfaint from a gas to a liquid. Ambient
air may be blown across the refrigerant coils mm¢bndenser to effect the heat exchange.
The transport refrigeration system further includasevaporator for drawing heat out of
the box by drawing or pushing return air acrossigefant-containing coils within the
evaporator. This step vaporizes any remaining diqufrigerant flowing through the
evaporator, which may then be drawn through a eagtiodulation valve (“SMV”) and

back into the compressor to complete the circuit.

[0004] New environmentally friendly refrigerants are beidgveloped to meet
various requirements (e.g., regulatory). SomeheS¢ newer refrigerants are not as

suitable for certain applications of transport igdration systems when compared to



previously employed refrigerants (e.g., R134a, R4@tc.). Specifically, compressor
developmental testing shows that in low ambienty levaporation flooded start
conditions, the solubility of the refrigerant irethewer oil is shown to be very high and
degrades the viscosity of the oil. Viscosity degtgon may lead to failure of various
components, such as bearings and other lubricategh@nents such as scrolls, Oldham

couplings, couplers and bushings, for example.
BRIEF SUMMARY

[0005] Disclosed is a method of managing a compressot efaration, the
method comprising controlling a valve disposed rgash of a compressor to lower a
saturated suction temperature of a refrigerantetddlow an ambient temperature while

starting the compressor.

[0006] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include thed valve is a suction modulation

valve.

[0007] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include tih&t valve is an electronic evaporator

expansion valve.

[0008] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include tlinet $aturated suction temperature of
the refrigerant is lowered to be at least 30 degrEahrenheit below the ambient

temperature.

[0009] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include tlin#t $aturated suction temperature of
the refrigerant is lowered by adjusting a pressidithe refrigerant with the valve.



[0010] Also disclosed is a method of managing a comprestsor operation for a
transport refrigeration unit. The method includietermining an ambient temperature
surrounding a compressor. The method also inclsdating the compressor. The
method further includes actively controlling a v@allisposed within a refrigerant line and
upstream of the compressor, wherein actively cdirtgpthe valve adjusts the pressure of
the refrigerant to lower the saturated suction terature of the refrigerant to be below

the ambient temperature by a threshold temperditfexence.

[0011] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include thed valve is a suction modulation

valve.

[0012] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include tih&t valve is an electronic evaporator

expansion valve.

[0013] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include thatthreshold temperature difference is
at least 30 degrees Fahrenheit.

[0014] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include thet method is performed when the

ambient temperature is below a threshold ambienpégature.

[0015] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include tiat threshold ambient temperature is

equal to or less than 120 degrees Fahrenheit.

[0016] Further disclosed is a transport refrigeration eystincluding a
compressor, a condenser downstream of the compyesso expansion device
downstream of the condenser, and an evaporator stovam of the expansion device,

and a refrigerant circulating from the compressaht condenser, through the expansion
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device and the evaporator and then returning toctimapressor. Also included is a
control module to adjust a valve disposed in aigefant line and upstream of the
compressor, adjustment of the valve adjusting tkequre of the refrigerant to lower the
saturated suction temperature of the refrigerabetbelow the ambient temperature by a

threshold temperature difference.

[0017] In addition to one or more of the features desdribbove, or as an
alternative, further embodiments may include thed valve is a suction modulation

valve.

[0018] In addition to one or more of the features desdrilbbove, or as an
alternative, further embodiments may include tih&t valve is an electronic evaporator

expansion valve.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present disclosure is illustrated by way ofmegi® and not limited in

the accompanying figures in which like referencenatals indicate similar elements.
[0020] FIG. 1 is a diagram of a transport refrigeratiosten;
[0021] FIG. 2 schematically illustrates a transport refragion unit;

[0022] FIG. 3 is an elevational view of a compressor eftifansport refrigeration

unit;
[0023] FIG. 4 is a plot of refrigerant solubility vs. teerature; and

[0024] FIG. 5 is a flow diagram illustrating a method oamaging a compressor

start operation for the transport refrigerationtuni

DETAILED DESCRIPTION



[0025] FIG. 1 is a diagram that shows an embodiment odrasport refrigeration
system. As shown in FIG. 1, a transport refrigerasystem 100 can include a transport
refrigeration unit 10 coupled to an enclosed spaitkin a container 12. As shown in
FIG. 1, the transport refrigeration unit 10 is agafed to maintain a prescribed thermal

environment within the container 12d., cargo in an enclosed volume).

[0026] In FIG. 1, the transport refrigeration unit 10 aoected at one end of the
container 12. Alternatively, the transport refreg@n unit 10 can be coupled to a
prescribed position on a side or more than one sid¢he container 12. In one
embodiment, a plurality of transport refrigerationits can be coupled to a single
container 12. Alternatively, a single transpoftigeration unit 10 can be coupled to a
plurality of containers 12. The transport refreggon unit 10 can operate to induct air at
a first temperature and to exhaust air at a setemgerature. In one embodiment, the
exhaust air from the transport refrigeration urtitvtill be warmer than the inducted air
such that the transport refrigeration unit 10 ipkyed to warm the air in the container
12. In one embodiment, the exhaust air from thagport refrigeration unit 10 will be
cooler than the inducted air such that the trarisgdrigeration unit 10 is employed to
cool the air in the container 12. The transpdrigeration unit 10 can induct air from the
container 12 having a return temperature€lg. { first temperature) and exhaust air to the

container 12 having a supply temperatured@ (second temperature).

[0027] In one embodiment, the transport refrigeration dMitcan include one or
more sensors (wired or wireless) to continuouslyrepeatedly monitor conditions or
operations for the transport refrigeration unit s shown in FIG. 1, exemplary sensors
can include a first temperature sensor 24 of thasport refrigeration unit 10 that can
provide the supply temperature Ts and a seconddetye sensor 22 of the transport
refrigeration unit 10 that can provide the retuemperature Tr to the transport

refrigeration unit 10, respectively.

[0028] A transport refrigeration system 100 can provide waith controlled
temperature, humidity or/and species concentraiida an enclosed chamber where
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cargo is stored such as in container 12. As kntmaone skilled in the art, the transport
refrigeration system 10@.¢)., controller 220) is capable of controlling a pllity of the
environmental parameters or all the environmentaameters within corresponding

ranges with a great deal of variety of cargos amieuall types of ambient conditions.

[0029] FIG. 2 is a diagram that shows an embodiment odrasport refrigeration

unit. As shown in FIG. 2, transport refrigeratiomit 200 can be operatively coupled to a
container (not shown), which can be used with getraan intermodal container, a train
railcar, a ship or the like, used for the transpiioh or storage of goods requiring a
temperature controlled environment, such as, fang{e foodstuffs and medicinesd.,
perishable or frozen). The container can include emclosed volume for the
transport/storage of such goods. The enclosedn®imay be an enclosed space having
an interior atmosphere isolated from the outsedg,(ambient atmosphere or conditions)

of the container.

[0030] As shown in Figure 2, compressor 210 can be a Iscmhpressor;
however, other compressors such as reciprocatingck@w compressors are possible
without limiting the scope of the disclosure. A toro(not shown) can be used to drive
the compressor 210. For example, a motor can bmtagrated electric drive motor
driven by a synchronous generator, a commercialeposervice an external power
generation systene.g., shipboard), a generator or the like. The cosgme210 can be a

multi-stage compression device.

[0031] High temperature, high pressure refrigerant vapaing the compressor
210 can move to the air-cooled condenser 230, wdaohinclude a plurality of condenser
coil fins and tubes 234, which receive air, typigddlown by a condenser fan 232. By
removing latent heat through the condenser 230,réfrggerant condenses to a high
pressure/high temperature liquid and flows to @iy 236 that can provide storage for
excess liquid refrigerant during low temperatureragions. From the receiver 236, the

refrigerant can flow to a filter-drier 238 that degep the refrigerant clean and dry.



[0032] The unit 200 can include an economizer. An ecomemilevice 240 can
increase the refrigerant subcooling. When the ecuzer device 240 is active, valve 242
can open to allow refrigerant to pass through aqliaty expansion valve 244 having a
sensing bulb 246 located upstream of an intermedidét port 212 of the compressor
210. The valve 244 can be controlled responsitegdemperature measured at the bulb
246, and serve to expand and cool the refrigerdaatt proceeds into an economizer

counter-flow heat exchanger 248, which can addiigrsub-cool the liquid refrigerant.

[0033] The refrigerant flows from economizer heat exchangd8 of the
economizer device 240 to an electronic evaporatpamsion valve (“EVXV”) 250. As
the liquid refrigerant passes through the orifiéeh® EVXV 250, at least some of the
liquid refrigerant can vaporize. The refrigeramtn flows through the tubes or coils 264
of an evaporator 260. The evaporator 260 can bdseat from the return air 298.4.,
air returning from the box or container) and indmng, vaporize some or all of the
remaining liquid refrigerant in the evaporator 26khe return air 295 is preferably drawn
or pushed across the tubes or coils 264 by at least evaporator fan 262. The
refrigerant vapor can be drawn from the evapord&f through a suction modulation
valve (“SMV”) 275 back into the compressor 210.

[0034] Many of the points in the transport refrigerationti200 can be monitored
and controlled by a controller 220. Controller 220 include a microprocessor 222 and
an associated memory 224. The memory 224 of déetr220 can contain operator or
owner preselected, desired values for various dpgrparameters within the unit 200
including, but not limited to, temperature set poifor various locations within the unit
200 or the box, pressure limits, current limitsgiee speed limits, and any variety of
other desired operating parameters or limits whih @nit 200 or a refrigeration system.
In one embodiment, controller 220 can include aropmcessor board that contains
microprocessor 222 and memory 224, an input/oylfD) board 228 that can include an
analog to digital converter 229. The I/O can reediemperature inputs and pressure
inputs from various points in the system, AC curneputs, DC current inputs, voltage



inputs and humidity level inputs. In addition, I@ard 228 can include drive circuits or
field effect transistors (“FETS”) and relays to ea® signals or current from the
controller 220 and in turn control various exteroalperipheral devices in the unit 200,
such as the EVXV 250 and/or SMV 275, for example.

[0035] Among exemplary sensors and/or transducers moditoyecontroller 220
can be a return air temperature (RAT) sensor 2&Bitiput into the microprocessor 222 a
variable resistor value according to the evaporaturn air temperature. An ambient air
temperature (AAT) sensor 270 that can provide npicyoessor 222 an ambient air
temperature valuee(., read in front of the condenser 230). A commessiction
temperature (CST) sensor 272 that can input tontleeoprocessor a variable resistor
value according to the compressor suction temperatuA compressor discharge
temperature (CDT) sensor 274 that can detect a @m®@r discharge temperature inside
the dome of compressor 210. An evaporator outlaperature (EVOT) sensor 281 and
an evaporator outlet pressure (EVOP) transducer @82 can detect an outlet
temperature value and an evaporator outlet presfuesaporator 260. A compressor
suction pressure (CSP) transducer 278 can provid®pnocessor 222 a variable voltage
according to a compressor suction value of compre2s0. A compressor discharge
pressure (CDP) transducer 280 that can providei¢cooprocessor 222 a variable voltage
according to a compressor discharge value of casspre210. In addition, direct current
sensor 286 and alternating current sensor 288 @LCT2, respectively) can detect

current drawn by the compressor 210.

[0036] In one embodiment, the microprocessor 222 can opats from the
EVOP sensor 282 and EVOT sensor 281 to calculaeetraporator coil evaporator
superheat ESH, using algorithms understood by thbsedinary skill in the art. The
microprocessor 222 can then compare the calcuéatagorator superheat value ESH to a
preselected, desired superheat value, or set peimth can be stored in memory 224.
The microprocessor 222 can then actuate the EVXY @&pending upon differences
between actual and desired evaporator superheatie8kler to approach or maintain



the desired superheat settirg(, a prescribed superheat, a condition selecteerkagt,

or the minimum superheat to maximize unit capacitWlicroprocessor 222 may be
programmed to operate at a prescribed setting treatowest setting of superheat that
can be maintained or controlled, and that will ilor prevent an operational flood back
(e.g., escape of liquid refrigerant into the comprelssdrhe prescribed or lowest setting
value will vary depending upon the capacity andcgjgeconfiguration of the unit 200.
For example, such an operation value can be detednihrough experimentation by
those of ordinary skill in the art. In one embodit) such a level of superheat may then
be used as the "base implementation” superheatbasa setting from which superheat
offsets can be made in the event of various operatonditions and/or ambient

conditions.

[0037] Referring now to FIG. 3, the compressor 210 is showmore detail. The
compressor 210 includes a body portion 290 and mpoessor sump 292. The
compressor 210 includes at least one inlet 294efeiving fluid from a suction line 296.
The compressor 210 also includes at least onetd2@i@ for discharging fluid from a
discharge line 299. As shown, liquid refrigerargyncollect in the compressor sump 292
during a non-operational state of the compressér &id may “flood” the compressor
210 which contains oil. The refrigerant mixes witie oil therein and dilutes the
mixture. Blended refrigerants have been develdpeaheet environmental regulations,
but the solubility of these blended refrigerants lrghly soluble in oil in low ambient,
low evaporation flooded start conditions. The @ased solubility undesirably reduces

the viscosity of the oil, such as polyolester (POIE)

[0038] Referring now to FIG. 4, two solubility curves diet oil and the blended
refrigerant shows that the oil viscosity quality thle oil is enhanced with a greater
difference between the fluid sump temperature &edsaturated refrigerant temperature
at low ambient conditions. In particular, one @&®®00 shows a solubility curve with

various solubilities for a saturated refrigeramhperature of 45 degrees Fahrenheit. The



other curve 302 shows a solubility curve with vasosolubilities for a saturated

refrigerant temperature of -30 degrees Fahrenheit.

[0039] The fluid sump temperature is known by referring ttee ambient
temperature. This is referred to as “Sump” in #@ggiations shown in FIG. 4 and is
represented along the horizontal axis of FIG.#he term SST in the equations shown in
FIG. 4 refer to the constant saturated refrigetaniperatures of curves 300 and 302,
specifically 45 degrees Fahrenheit for curve 300 @0 degrees Fahrenheit for curve
302. As an example, on curve 302, at 40 degrebseRhleit ambient, the temperature
difference between the sump temperature and theasedl refrigerant temperature is 70
degrees Fahrenheit. This is shown to be in whah&racterized as a good zone for
compressor start and system operation. A temperatiifference of 30 degrees
Fahrenheit along curve 302 is shown to be in a margone for compressor start and
system operation. A temperature difference of dilydegrees Fahrenheit along curve
302 is shown to be in what is characterized asdazbae for compressor start and system
operation. Therefore, as stated above, the grdademperature difference between the
sump temperature and the saturated refrigerant @eatye, the better condition for
compressor start and system operation. Curve BO@ssall of the example temperature

differences to be in either the “bad” or “marginatnes.

[0040] An embodiment of a method of managing compressotirsg in a flooded
condition is described herein. The method incredise temperature difference between
the sump temperature and the saturated refrigésamerature to achieve the illustrated
shift of the curve(s) in FIG. 4. The method shawirlG. 5 can be implemented in, and
will be described using, the transport refrigenatimit 200 of FIGS. 2 and 3. However,

the method is not intended to be limited to suspecific embodiment.

[0041] The method is generally referenced with numeral #0&IG. 5. The
method 400 includes managing a flooded comprestot speration, the method
comprising controlling a valve (EVXV 250 or SMV 27%isposed upstream of the
compressor 210 to lower a saturated suction teryeraf a refrigerant to be below an
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ambient temperature while starting the compres&ér 2in the illustrated embodiment,
block 402 represents the controller 220 determimingambient temperature surrounding
the compressor 210. Block 404 illustrates startihg compressor 210. In some
embodiments, valve(s) 250 and/or 275 are closear poi starting the compressor, as
represented with block 403. Block 406 illustraaesively controlling a valve 250 and/or
275 disposed within a refrigerant line and upstred#nthe compressor 210. Actively
controlling one or both of the valves adjusts tihespure of the refrigerant to lower the
saturated suction temperature of the refrigerabetbelow the ambient temperature by a
threshold temperature difference. Satisfying tireghold temperature difference ensures
that the solubility of the refrigerant is reducedoe in or near the “good” zone illustrated
in FIG. 4. In some embodiments, the threshold txatpre difference is at least 30

degrees Fahrenheit, but will depend on the padrapplication and conditions.

[0042] The method 400 is particularly advantageous wherctmpressor is in a
“flooded” condition and the ambient temperaturéis (i.e., cold start). For example, in
some embodiments, the method may be utilized wheraibient temperature is below
120 degrees Fahrenheit, but higher or lower tenypesiare contemplated.

[0043] By reducing the solubility of the refrigerant, théscosity of the
refrigerant-oil mixture is desirably increased.creased viscosity improves compressor
reliability returning the oil back to more desirabliscosity characteristics rather than the
disregarded state, thereby improving pressurizeblemundary layer lubrication regime
within the compressor at start up and initial ogeraconditions. The method takes into

account newly discovered limitations of the newnlied refrigerants described above.

[0044] Embodiments may be implemented using one or maientdogies. In
some embodiments, an apparatus or system may endod or more processors, and
memory storing instructions that, when executethieyone or more processors, cause the
apparatus or system to perform one or more metbgaal acts as described herein.
Various mechanical components known to those df iskthe art may be used in some
embodiments.
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[0045] Embodiments may be implemented as one or more ajysas, systems,
and/or methods. In some embodiments, instructioay be stored on one or more
computer program products or computer-readable anedch as a transitory and/or non-
transitory computer-readable medium. The instomstji when executed, may cause an
entity (e.g., a processor, apparatus or systempetimrm one or more methodological acts

as described herein.

[0046] While the disclosure has been described in detaibnnection with only a
limited number of embodiments, it should be readitglerstood that the disclosure is not
limited to such disclosed embodiments. Rather, diselosure can be modified to
incorporate any number of variations, alteratiorgjbstitutions or equivalent
arrangements not heretofore described, but whielt@mmensurate with the scope of the
disclosure. Additionally, while various embodimentave been described, it is to be
understood that aspects of the disclosure may declanly some of the described
embodiments. Accordingly, the disclosure is nobéoseen as limited by the foregoing

description, but is only limited by the scope & tippended claims.
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What is claimed is:

1. A method of managing a compressor start operatibe method
comprising controlling a valve disposed upstreana @ompressor to lower a saturated
suction temperature of a refrigerant to be belovambient temperature while starting the

compressor.
2. The method of claim 1, wherein the valve is @isn modulation valve.
3. The method of claim 1, wherein the valve is &tteonic evaporator

expansion valve.

4, The method of claim 1, wherein the saturatedi@ud¢emperature of the

refrigerant is lowered to be at least 30 degreésdrdneit below the ambient temperature.

5. The method of claim 1, wherein the saturatediaud¢emperature of the
refrigerant is lowered by adjusting a pressurénefrefrigerant with the valve.

6. A method of managing a compressor start operatts a transport

refrigeration unit, the method comprising:
determining an ambient temperature surroundingh@cessor;
starting the compressor; and

actively controlling a valve disposed within a rgérant line and upstream of the
compressor, wherein actively controlling the vadgusts the pressure of the refrigerant
to lower the saturated suction temperature of #fagerant to be below the ambient
temperature by a threshold temperature difference.

7. The method of claim 6, wherein the valve is @isn modulation valve.

8. The method of claim 6, wherein the valve is #tteonic evaporator

expansion valve.
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9. The method of claim 6, wherein the thresholdperature difference is at

least 30 degrees Fahrenheit.

10. The method of claim 6, wherein the method isfgpmed when the

ambient temperature is below a threshold ambienpégature.

11.  The method of claim 10, wherein the threshottbiant temperature is

equal to or less than 120 degrees Fahrenheit.
12. A transport refrigeration system comprising:

a compressor, a condenser downstream of the cosgpremn expansion device
downstream of the condenser, and an evaporator stovam of the expansion device,
and a refrigerant circulating from the compressaht condenser, through the expansion

device and the evaporator and then returning tedhgpressor; and

a control module to adjust a valve disposed infagerant line and upstream of
the compressor, adjustment of the valve adjustiegpressure of the refrigerant to lower
the saturated suction temperature of the refrigembe below the ambient temperature

by a threshold temperature difference.

13. The transport refrigeration system of claim t#erein the valve is a

suction modulation valve.

14.  The transport refrigeration system of claim wherein the valve is an

electronic evaporator expansion valve.
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