
REFRIGERANT VAPOR COMPRESSION SYSTEM WITH LUBRICANT COOLER Field of the
Invention [0001] This invention relates generally to refrigerant vapor
compression systems and, more particularly, to controlling the temperature
of the lubricant used to lubricate the compression mechanism of the
compression device of a refrigerant vapor compression system. Background of
the Invention [0002] Refrigerant vapor compression systems are well known
in the art and 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 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 items. Conventional refrigerant vapor compression systems
include four basic components: a compressor, a refrigerant heat rejection
heat exchanger, an expansion device and a refrigerant heat absorption heat
exchanger that functions as a refrigerant evaporator. Depending upon
whether the refrigerant vapor compression system is operating in a
subcritical cycle or a transcritical cycle, the refrigerant heat rejection
heat exchanger functions, respectively, as a refrigerant condenser or a
refrigerant gas cooler. These basic refrigerant system components are
interconnected by refrigerant lines in a closed refrigerant circuit,
arranged in accord with known refrigerant vapor compression cycles, and
operated in the subcritical pressure range for the particular refrigerant
in use. [0003] The compressor functions to compress low pressure, low
temperature refrigerant vapor to a high pressure and high temperature
refrigerant vapor. Whether 



the compressor is a reciprocating compressor, a scroll compressor, a rotary
compressor or screw compressor, it includes a compression mechanism driven
by a motor and having rotating or orbiting elements that interact to
compress the refrigerant vapor passing through the compressor. It is common
practice to includea lubricant in the compressor to reduce wear of the
compression mechanism and its parts, as well as to seal gaps between the
interacting elements to reduce refrigerant vapor leakage during the
compression process. As the lubricant becomes heated due to exposure to the
high temperatures generated in the compression process, its viscosity is
reduced which impairs its friction reducing ability and its sealing
effectiveness. Therefore, it is customary to provide for cooling of the
lubricant. [0004] For example, U.S. Patent No. 5,899,091 discloses a
refrigeration system wherein compressor lubricating oil is cooled by
passing the lubricating oil in heat exchange relationship with the
post-expansion economizer refrigerant flow. U.S. Patent no. 6,058,727
discloses a refrigeration system wherein the compressor lubricating oil is
passed through a heat exchange coil disposed in heat exchange relationship
with refrigerant vapor leaving the evaporator to cool the lubricating oil.
Summary of the Invention [0005] In an aspect of the invention, a
refrigerant vapor compression system is provided that includes a
refrigerant circuit and a lubricant cooler circuit. [0006] The refrigerant
circuit includes a refrigerant compression device, a refrigerant heat
rejection heat exchanger for passing refrigerant received from said
compression device at a high pressure in heat exchange relationship with a
cooling medium, and a refrigerant heat absorption heat exchanger for
passing refrigerant at a low pressure refrigerant in heat exchange
relationship with a heating medium disposed in refrigerant flow
communication in a refrigeration cycle, and a lubricant cooler circuit. The
lubricant cooler circuit is operatively associated with the compression
device for cooling a lubricant associated with the compression device 



and includes a heat exchanger coil disposed downstream of the refrigerant
heat absorption heat exchanger with respect to the flow of heating medium.
The lubricant cooler heat exchanger defines a flow path for passing the
lubricant in heat exchange relationship with the cooled heat medium leaving
the refrigerant heat absorption heat exchanger. The lubricant cooler heat
exchanger coil may further include an inlet leg for passing lubricant to be
cooled to the lubricant flow path through the lubricant cooler heat
exchanger coil and an outlet leg for passinglubricant having been cooled
from the lubricant flow path through the lubricant cooler heat exchanger
coil. [0007] In an embodiment of the refrigerant vapor compression system,
the compression device comprises a hermetic compressor having a casing
housing a compression mechanism, an oil-cooled motor driving the
compression mechanism, and an oil sump for collecting oil for cooling the
motor. In this embodiment, the inlet leg of the lubricant cooler heat
exchanger coil is in flow communication with the oil sump for receiving oil
to be cooled and the outlet leg of the lubricant cooler heat exchanger coil
is in flow communication with the oil sump for returning oil having been
cooled to the oil sump. [0008] In an embodiment of the refrigerant vapor
compression system, the compression device comprises a hermetic compressor
having a casing housing a compression mechanism and a motor driving the
compression mechanism, and the lubricant cooler circuit further includes an
oil separator. The oil separator is disposed in the primary refrigerant
circuit upstream with respect to refrigerant flow of the hermetic
compressor and downstream with respect to refrigerant flow of the
refrigerant heat rejection heat exchanger. In this embodiment, the inlet
leg of the lubricant cooler heat exchanger coil is in flow communication
with the oil separator for receiving oil to be cooled and the outlet leg of
the lubricant cooler heat exchanger coil is in flow communication with the
hermetic compressor for returning 



oil having been cooled to said hermetic compressor. [0009] In an
embodiment, the refrigerant heat absorption heat exchanger is a refrigerant
evaporator heat exchanger and the heating medium is air from a climate
controlled environment, such as a perishable cargo storage zone of a
refrigerated transport container. Brief Description of the Drawings [0010]
For a further understanding of the invention, reference will be made to the
following detailed description of the invention which is to be read in
connection with the accompanying drawing, where:[0011] Figure 1 is a
schematic diagram illustrating an exemplary embodiment of a refrigerant
vapor compression system in accord with the invention including a
compressor driven by an oil-cooled motor; [0012] Figure 2 is a schematic
diagram illustrating an exemplary embodiment of a refrigerant vapor
compression system in accord with the invention including an oil separator;
and [0013] Figure 3 is a side elevation view of the heat exchanger coil of
the lubricant cooler circuit. Detailed Description of the Invention [0014]
Referring now to FIG. 1, the refrigerant vapor compression system 10
includes a compression device 20 driven by a motor 30 operatively
associated therewith, a refrigerant heat rejecting heat exchanger 40, an
evaporator expansion device 55, and a refrigerant heat absorbing heat
exchanger 50, also referred to herein as an evaporator, connected in a
closed loop refrigerant circuit in series refrigerant flow arrangement by
various refrigerant lines 2, 4 and 6. The evaporator expansion device 55 is
disposed in refrigerant line 4 downstream with respect to refrigerant flow
of the refrigerant heat rejection heat exchanger 40 and upstream with
respect to refrigerant flow of the evaporator 50. 



[0015] If the refrigerant vapor compression system 10 is operating in a
subcritical cycle, the refrigerant heat rejecting heat exchanger 40 is
designed to operate as a refrigerant condensing heat exchanger through
which hot, high pressure refrigerant vapor discharged from the compression
device 20 passes in heat exchange relationship with a cooling medium to
condense the refrigerant passing therethrough from a refrigerant vapor to
refrigerant liquid. If the refrigerant vapor compression system 10 is
operating in a transcritical cycle, the refrigerant heat rejecting heat
exchanger 40 is designed to operate as a refrigerant desuperheating heat
exchanger through which hot, high pressure refrigerant vapor discharged
from the compression device 20 passes in heat exchange relationship with a
cooling medium to cool to a lower temperature, but not condense, the
refrigerant vapor passing therethrough. The refrigerant condensing heat
exchanger 40, may comprise a finned tube heat exchanger 42, such as for
example, a fin and round tube heatexchange coil or a fin and flat
mini-channel tube heat exchanger. In transport refrigeration system
applications, as in air conditioning and in commercial refrigeration
applications, the typical cooling medium is ambient air passed through the
condenser 40 by means of fan(s) 44 operatively associated with the
condenser 40 in heat exchange relationship with the refrigerant flowing
through the heat exchanger 42. [0016] The evaporator 50 constitutes a
refrigerant evaporating heat exchanger, such as a conventional finned tube
heat exchanger 52, such as for example a fin and round tube heat exchange
coil or a fin and mini-channel flat tube heat exchanger, through which
expanded refrigerant having traversed the expansion device 55 passes in
heat exchange relationship with a heating fluid, whereby the refrigerant is
vaporized and typically superheated. The expansion device 55, which also
meters refrigerant flow to the evaporator 50, may be an expansion valve,
such as an electronic expansion valve or a thermostatic expansion valve, or
a fixed orifice 



metering device, such a capillary tube. The heating fluid passed in heat
exchange relationship with the refrigerant in the evaporator 50 may be air
passed through the evaporator 50 by means of fan(s) 54 operatively
associated with the evaporator 50, to be cooled and commonly also
dehumidified, and thence supplied to a climate controlled environment such
as a perishable cargo, such as for example refrigerated or frozen food
items, storage zone associated with a transport refrigeration system, or a
display case or cold room associated with a commercial refrigeration
system, or an air conditioned space. [0017] The compression device 20
functions to compress and circulate refrigerant through the refrigerant
circuit as will be discussed in further detail hereinafter. The compression
device 20 may be a single-stage compression device, such as for example,
but not limited to, a scroll compressor, a reciprocating compressor or
rotary compressor, or a multi-stage compression device having at least a
first low pressure compression stage and a second high pressure compression
stage, such as for example, but not limited to, a scroll compressor, a
reciprocating compressor or a screw compressor. In the embodiment depicted
in FIG. 1, the compression device 20 of the refrigerant vapor compression
system 10 comprises a hermetic or semi-hermetic compressor driven by an
oil-cooled motor. In theembodiment depicted in FIG. 2, the compression
device 20 of the refrigerant vapor compression system 10 comprises a
hermetic or semi-hermetic compressor driven by a refrigerant-vapor cooled
motor. [0018] In a hermetic or a semi-hermetic compressor, the compressor
drive motor 30 operatively associated with the compression mechanism of the
compressor is disposed within the housing of the compressor 20, generally
at an end of the drive shaft opposite the compression mechanism. The
compressor drive motor 30 may be oil-cooled, in which case, the motor is
disposed in an oil sump 32 within the interior of the compressor housing.
The oil serves also to lubricate the interacting elements 



of the compression mechanism and seal gaps to reduce leakage between the
interacting elements during the compression process. However, the
compressor drive motor 30 may be refrigerant vapor-cooled, which is the
case when the compressor drive motor is disposed in a higher region of the
interior of the compressor housing. In compressors with refrigerant
vapor-cooled motors, a lubricant is generally added to the refrigerant
circulating through the refrigerant circuit of the refrigerant vapor
compression system to lubricate the interacting elements of the compression
mechanism and seal gaps to reduce leakage between the interacting elements
during the compression process. [0019] The refrigerant vapor compression
system 10 of the invention includes an oil-cooler circuit 60 comprising a
oil cooler heat exchange tube coil 62 disposed in heat exchange
relationship with the cooled air having been passed over the heat exchanger
52 of the evaporator 50 by means of the evaporator fan(s) 54. As best seen
in FIG. 3, the oil cooler heat exchange coil 62 has an inlet leg 64 and an
outlet leg 66. The length of the oil cooler heat exchanger coil 62 disposed
in the cooled air stream leaving the evaporator 50 must be determined on a
case-by-case basis based on the desired oil return temperature, the oil
mass flow, oil properties and the amount of heat rejected by the compressor
drive motor. [0020] Referring now to FIG. 1, in the embodiment depicted
therein, the first leg 64 of the oil cooler heat exchange coil 62 is in
fluid flow communication with the oil sump 32 of the compressor 20 to
receive oil therefrom and an outlet leg 66 in fluid communication with the
oil sump 32 for returning the cooled oil thereto. The oil is circulated
from the oil sump 32 through the inlet leg 64, thence the oil coolerheat
exchange coil 62 and thence returned via the outlet leg 66 to the oil sump
32 by means of an oil pump (not shown) disposed within the interior of the
compressor housing and driven by the compressor drive motor 30. [0021]
Referring now to FIG. 2, the refrigerant vapor compression system 10 



depicted therein has a refrigerant vapor-cooled motor driving the
compression device 20. In this embodiment, the oil-cooler circuit 60 of the
refrigerant vapor compression system 10 further includes an oil separator
70 disposed in refrigerant line 2 downstream with respect to refrigerant
flow of the compressor 20 and upstream with respect to refrigerant flow of
the refrigerant heat rejection heat exchanger 40. In operation, the
refrigerant vapor discharging from the compressor 20 passes, with
lubricating oil entrained therein, into the oil separator 70 wherein the
oil separates from the refrigerant vapor and collects in the lower
reservoir 72 of the oil separator. In this embodiment, the inlet leg 64 of
the oil-cooler heat exchange coil 62 is in fluid flow communication with
the lower reservoir 72 of the oil separator 70 to receive oil therefrom and
an outlet leg 66 in fluid communication with the compressor 20 for
returning the cooled oil to the suction side of the compressor. The
collected oil, being at compressor discharge pressure, flows by pressure
differential through the inlet leg 64, thence the oil cooler heat exchange
coil 60 and thence returns via the outlet leg 66 to the suction side of the
compressor 20. [0022] In either of the depicted embodiments, the oil
flowing through the oil cooler heat exchanger coil 60 is cooled, typically
by about 3 C to about 20 C (about 37.4 F to about 68 F), as it passes in
heat exchange relationship with the cooled air passing from the evaporator
50 to return to the climate controlled environment. As this air passes in
heat exchange relationship with the hot oil, the cooled air passing from
the evaporator 50 is slightly reheated, typically by less than about 1-3 C
(1.8 - 5.4F). [0023] Although described herein with respect to a basic
non-economized refrigerant vapor compression system as depicted in FIGs. 1
and 2, it is to be understood that the oil-cooler circuit 60 may be readily
employed in connection with various variations of the basic refrigerant
vapor compression cycle. For example, 



the refrigerant vapor compression system could be equipped with an
economizer circuit, a compressor unload circuit, a flash tank receiver or
other enhancement.[0024] The foregoing description is only exemplary of the
teachings of the invention. Those of ordinary skill in the art will
recognize that various modifications and variations may be made to the
invention as specifically described herein and equivalents thereof without
departing from the spirit and scope of the invention as defined by the
following claims.We Claim: 1. A refrigerant vapor compression system
comprising: a refrigerant circuit including a refrigerant compression
device, a refrigerant heat rejection heat exchanger for passing refrigerant
received from said compression device at a high pressure in heat exchange
relationship with a cooling medium, a refrigerant heat absorption heat
exchanger for passing refrigerant at a low pressure refrigerant in heat
exchange relationship with a heating medium; and a lubricant cooler circuit
operatively associated with said compression device for cooling a lubricant
associated with said compression device, said lubricant cooler circuit
including a heat exchanger coil disposed downstream of said refrigerant
heat absorption heat exchanger with respect to the flow of heating medium
and defining a flow path for passing the lubricant in heat exchange
relationship with the cooled heating medium leaving said refrigerant heat
absorption heat exchanger. 2. A refrigerant vapor compression system as
recited in claim 1 wherein said refrigerant heat absorption heat exchanger
comprises a refrigerant evaporator heat exchanger and said heating medium
comprises air from a climate controlled environment. 3. A refrigerant vapor
compression system as recited in claim 2 wherein said climate controlled
environment comprises a perishable cargo storage zone of a refrigerated
transport container. 4. A refrigerant vapor compression system as recited
in claim 1 



wherein the lubricant cooler heat exchanger coil further includes an inlet
leg for passing lubricant to be cooled to the lubricant flow path through
the lubricant cooler heat exchanger coil and an outlet leg for passing
lubricant having been cooled from the lubricant flow path through the
lubricant cooler heat exchanger coil.5. A refrigerant vapor compression
system as recited in claim 4 wherein said compression device comprises a
hermetic compressor having a casing housing a compression mechanism, an
oil-cooled motor driving the compression mechanism, and an oil sump for
collecting oil for cooling the motor; and the inlet leg of the lubricant
cooler heat exchanger coil being in flow communication with the oil sump of
said hermetic compressor for receiving oil to be cooled and the outlet leg
of the lubricant cooler heat exchanger coil being in flow communication
with the oil sump of said hermetic compressor for returning oil having been
cooled to the oil sump. 6. A refrigerant vapor compression system as
recited in claim 4 wherein said compression device comprises a hermetic
compressor having a casing housing a compression mechanism and a motor
driving the compression mechanism; and said lubricant cooler circuit
further includes an oil separator disposed in said primary refrigerant
circuit upstream with respect to refrigerant flow of said compressor and
downstream with respect to refrigerant flow of said refrigerant heat
rejection heat exchanger, the inlet leg of the lubricant cooler heat
exchanger coil being in flow communication with the oil separator for
receiving oil to be cooled and the outlet leg of the lubricant cooler heat
exchanger coil being in flow communication with said hermetic compressor
for returning oil having been cooled to said hermetic compressor. 


