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6 Claims. (Cl. 62—192)

This- invention relates to’ refrigerating apparatus and,
more particularly, to such apparatus for-use in an auto-
mobile air conditioning system, and has for its principal
object to provide a refrigeration apparatus with an im-
proved  arrangement for control to maintain- constant
capacity for refrigeration under widely varying outdoor
air temperatures and compressor -or pump speeds.

In automobile air conditioning, it is desirable to have
the refrigeration apparatus of such capacity that it will
maintain comfortable temperatures in the passenger com-
partment at slow or idling speeds as, for example, ap-
proximately 500-R. P. M. of the engine; however, in the
operation of automobiles, the range of speed of the engine
is from a slow or idling speed- of approximately 500
R. P. M. to full speed of approximately 4000 R. P. M.
which, obviously, with a diréct driven compressor pro-
vides a refrigerant output from the compressor of many
times that required to maintain maximuom comfort in the
passenger compartment. In automotive 4ir conditioning
or refrigeration, or othér installations wheréin the com-
pressor or fluid pump is diréctly driven by the vehicle
propulsion engine or other prime mover having a wide
variety of speeds, it has been the practice to provide a
refrigerant bypass that is' opened when the requiréd
amount of refrigeration lowers below a selected minimuin
and is closed when the refrigeration requirement is above
said minimum. If has also been the comirion practice to
provide expensive disconnect “devices such as’ clutches,
either manual or electrical, in" the compressor or purip
drive so as'to stop the compressor when refrigeration is
not _needed.” The expensive disconnect devices in the
drives are commonly used in the systems having re-
frigerant ‘gas bypasses as the bypassing of the hot gas
from the discharge side’ to_the suction.side of the com-
pressor causes excessive heating of theé compressor at
high' speeds which' may caiise seizing of the mechanical
parts “of the compressor. :

Further objects of the present invention are to provide
a refrigeration apparatus capable of operating at the wide
range” of speeds as in automobile air conditioning that
eliminates the above-named difficulties; to provide a ré-
frigeration apparatus with a compressor or pump of the
rofary type capable of pumping liguid and compressing
gas Swith an improvéd arrangement in the apparatiis where-
by the' capacity of the ‘ga§ compréssing of the compressor
is"varied by liguid such as oil delivered to the intake or
Suction ‘sidé of the compressor; to provide a refrigeration
apparatus with a supply of liquid lubricant catrier for the
refrigerant which supply of carrier is under pressure for
delivery to thé compressor bearings and intake wih suit-
able controls whereby the gas capacity of the compressor
is ‘varied by the liquid that is moved therethrough; to
provide 'such-'a refrigérating apparatus with suitable gas
and liquid refrigerant bypasses’' to maintain constant ca-
pacity for refrigeration at a variety of: speeds of -the
compressor with a minimum of power for driving the
compressor without excessive compressor temperatures;
and to provide a refrigerating apparatus with suitable con-
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trols to maintain a suitable load on the. COMPpressor of
the system whenever the load on the evaporator is re-
duced; and to provide a refrigerating apparatus that is

- relatively efficient in operation and adapted to be built

in a relatively small size for use in an automotive. vehicle
and at a relatively low cost.

In accomplishing these and other objects: of the present
invention, I have provided- improved details of structure,
the preferred form of which is illustrated in the accom-
panying drawings, wherein: .

Fig. 1 is a diagrammatical view of the refrigeration ap-
paratus. i

Fig. 2 is an enlarged diagrammatical view of a suitable
modulating type valve in the oil line leading to the-intake
of: the compressor.

Referring more in detail to the drawings:

1 designates a refrigerant compressor capable of pump-
ing liquids and preferably of a rotary vane type which is
drivingly connected to a suitable prime mover such as-a
vehicle engine (not shown) by a belt 2 whereby when: the
engine is operated the compressor is driven. The comi-
pressor 1 discharges compressed refrigerant such as Fréon
gasand a liquid such as castor oil or other suitable Iubri-
cant compatible with the.refrigerant through a high pres-
sure line 3 to a separator 4 of suitable construction: to
separate the liguid from the gas, the liquid being collected
in a sump at the bottom of the separator as at 5 and. the
gas flowing through a high pressure line 6 connecting. the
upper portion of the separator with a suvitable condenser
7 wherein the refrigerant gas is condensed to. a*liquid:
The condensed refrigerant flows: from the condenser 7
through a line 8 to a receiver 9. A liquid refrigerant line
10 connects the outlet of the receiver 9 with the inlet: of
an-evaporator unit 11. A conventional thermostatic ex-
pansion valve 12 is located in the line 10 adjacent the
inlet of the evaporator and controls the -admission of
refrigerant to the evaporator 11. The outlet of the
evaporator is connected by a low pressure:line 13 to the
suction side or inlet ¥4 of the compressor, a check valve
15 being atranged in the line 13 to prevent backflow
therein. )

The " thermostatic expansion ‘valve: 12 has a thermo-
sensitive bulb- 16 adjacent the outlet of the evaporator
and acting through a control line 17 to the valve 12
whereby an increase in the load on the evaporator which
results in an increase in the heat of the vapor leaving
the evaporator causes the thermo-sensitive bulb to act
through the control line 17 to open the valve 12 and per:
mit an increased flow of liquid refrigerarit to-the évapora-
tor to satisfy the load condition.. A decrease in the load
on-the evaporator results in a decrease in the heat of the
vapor leaving same causing the bulb to act through the
control line to move the valve towards closed position and
reduce the flow of liquid refrigerant to the evaporator.
A suitable valve 18 of the solenoid type or manually op-
erated is arranged in the line 10 between the receiver
and the thermostatic expansion valve 12 fér closing said
line and stopping all flow of liguid refrigerant to the
suction side or inlet 14 of the compressor; a check valve
that no refrigeration is required.

The separator 4 may be of any conventional structure
but preferably includes a shell 19 having a perforated
partition 20 therein spaced from the bottom 21 to define
an oil sump 5 of substantial capacity therebetween. A
second perforated partition 22 is arranged in the shell
in vertically spaced relation from the partition 20 and
the line 3 dischiarges-intd the shell 19 between the parti-
tions 20 and 22. It is preferred that a meétal wool 23
be arranged in the shell between the partitions 20 and
22 to facilitate’ removing fine oil particles. from the gas
delivered to the separator. - Above the perforated parti-
tion 22-is a filter 24 of felt or other suitable material
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that will permit the gas to pass therethrough but prevent
the liquid or oil from passing whereby only gas enters
t_he chamber 25 adjacent the upper end of the separator
which is in communication with the line 6. An oil line
26 is connected with the bottom of the separator and
communicating with the oil sump therein for flow of oil
to an oil cooler 27 which has its outlet connected by a
flow line 28 with the low pressure line 13 between the
check valve 15 and the inlet 14 of the compressor 1 and
preferably adjacent the inlet of said compressor. The
lines 26 and 28 and flow capacity of the oil cooler 27
are preferably substantially the same size as the high
pressure line 3 whereby if only liquid is moved by the
compressor the entire output thereof may return to the
suction side of said compressor for continued circulation.
* A modulating type valve 29 is arranged in the line 28
for control of the flow of oil or liquid to the suction side
of the compressor, and an oil line 36 communicates with
the line 28 between' the oil cooler and valve 29 and is
connected with the compressor 1 for flow of oil under
pressure to the bearings in said compressor for. lubrica-
tion of same, when the structure of the compressor is
such that the bearings require separate lubrication from
the oil being pumped thereby. A suitable type of modu-
lating. valve 29 is illustrated in Fig. 2 and includes a
housing 31 having inlet 32 and outlet 33 with a valve
34 for controlling flow therebetween. A valve spring 35
is arranged in the housing to urge the valve into closed
position. “The valve has a stem 36 engaged with a dia-
phragm 37 loaded by a diaphragm spring 38, an adjusting
screw 39 being provided to adjust the diaphragm spring
pressure for the desired loading on the diaphragm. A
small passage 40 provides communication between the

outlet 33 and the diaphragm chamber 41 whereby the
outlet: pressure acts on the diaphragm and when said
outlet pressure overbalances the spring loading the valve
is closed. When the outlet pressure is such that the
spring loading is greater than said pressure, the valve is
opened for flow of liquid therethrough, the valve open-
ing being greater for increased flow in response to de-
crease of pressure at the compressor inlet. A small pas-
sage or bypass 42 extends from the inlet to the outlet of
the valve 29 for flow of liquid through the valve housing
when the valve 34 is closed, the capacity of the bypass
being such that there is always sufficient liquid or lubri-
cant flowing through the valve 29 and line 28 to supply
lubricant to the rotor of the compressor. )

A bypass line 43 communicates with the high pressure
line 3 and is connected with the line 13 adjacent the inlet
14 of the compressor between said inlet and the check
valve 15. A valve 44 is arranged in the bypass line 43
to control the flow of gas and/or liquid from the com-
pressor discharge to the compressor iniet. = Any suitable
conventional thermostatic or pressure controlled valve
may be used as the valve 44. 1t is preferred, however,
to use an automatic modulating type pressure actuated
valve, for example, a valve having the structure of the
modulating type valve 29 with the passage or bypass 42
thereof omitted. It is also preferable that the adjusting
screw in the valve 44 be set to provide slightly less load-
ing on the diaphragm whereby slightly less pressure on
the suction side of the compressor is required before the
valve 44 opens for bypass of the gas and/or liquid from
the discharge to the suction side of the compressor. In
other words, when the pressure at the inlet of the com-
pressor is lowered to a predetermined amount, the valve
29 will start to open to supply more oil to the inlet of:
the compressor, and then on further reduction of the.
pressure at the inlet of the compressor, the valve 44
will open to supplement the oil for supplying the full
capacity of the compressor. Also, the adjusting screws
of both the valves 29 and 44 may be adjusted whereby-
the sequence of opening is reversed or only one or the
other opened to supply the necessary fluid medinm for
the capacity of the compressor.

If the combined medium of refrigerant gas and oil
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supplied to the inlet of the compressor during operation
is heated above a desired temperature, liquid refrigerant
is delivered to said compressor inlet to reduce the tem-
perature thereof. The liquid refrigerant may be taken
from any portion of the system between the condenser
and evaporator. In the illustrated structure, a line 45
is conmected with the liquid refrigerant line 8 adjacent
the outlet of the condenser 7 with the other end of said
line connected with the line 13 between the check valve
15 and compressor inlet 14 and preferably adjacent said
inlet. A conventional thermostatic valve 46 is arranged
in the line 45 to control the supply of liquid refrigerant
delivered to the inlet of the compressor 1. It is pre-
ferred that the valve 46 be a thermostatic expansion valve
with a thermo-sensitive bulb 47 arranged at the inlet 14
of the compressor to act through a control line 48 where-
by increase of temperature at the inlet of the compressor
will open the valve 46, and on decrease of the tempera-
ture the bulb 47 will react to move the valve 46 toward
closed position to decrease the flow of liquid refrigerant
through the line 45. -

In using a refrigerating apparatus constructed and as-
sembled as described, a quantity of lubricant is placed
in the separator so as to fill the coils of the oil cooler and
provide a supply in the sump of the separator whereby
said quantity is sufficient for full capacity operation of
the compressor in movement of the oil through the line
3, separator 4; cooler 27, and line 28 to the suction side
of the compressor. A suitable quantity of refrigerant
is placed in the receiver 9 and lines of the refrigerating
system to provide an adequate supply for operation of
the apparatus. With the refrigerating apparatus in an
automotive vehicle and the compressor 1 drivingly con-
nected by the belt 2 to the engine of the vehicle, operation
of said engine drives the compressor 1. Assuming that
cooling of the passenger compartment is desired, the
valve 18 is opened and the compressor 1 draws expanded
refrigerant from the evaporator through the line 13 and
check valve 15 into the intake of the compressor. Simul-
taneously, oil is drawn through the passage 42 in the
valve 29 and the line 28 to the intake of the compressor
to supply meeded lubricant for the. rotor and vanes
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The compressor drives the refrigerant gas and oil at
high pressure through the line 3 to the separator 4 where
the filter 24 permits the refrigerant gas to pass into the
line 6 but retains the oil whereby it is delivered to the
sump 5 of the separator. The high pressure refrigerant
gas flows through the line 6 to the condenser 7 where
said refrigerant is liquefied and the liquid flows through
the line 8 to the receiver 9 and through the line 10 to the
evaporator 11 under control of the thermostatic expansion
valve 12.. When the load on the -evaporator decreases,
the thermo-sensitive bulb 16 reacts to partially close the
valve 12 to reduce the flow of liquid refrigerant to the
evaporator, with the result that the compressor 1 has a
capacity greater than the refrigerant required to handle
the load on the evaporator. Also, the vehicle may be
operated at higher speeds with no material increase in the
load on the evaporator and in any of such instances there
is a substantial reduction of the pressure at the inlet of
the compressor. . This reduction in pressure acts on the
diaphragm of the valve 29 whereby said valve is opened
for flow of oil from the cooler 27 through the line 28 to
the inlet of the compressor. .

In order to obtain a minimum artificial load on the
compressor, it is preferred that the valve 29 opens rela-
tive to the reduced pressure at the inlet of the compres-
sor ‘whereby the oil flowing through the line 28 does not
supply the full requirements of the compressor  at the
speed operated resulting in further decrease of pressure
at the inlet of the compressor whereby the valve 44 opens
for flow of gas and/or liquid from the discharge line 3
of the compressor through the line 43 to the inlet side
of the compressor. ~ If this recirculation of the gas and
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liquid discharged by the compressor in excess of the
requirements of the load on the evaporator raises the
temperature of the medium ai the inlet of the compres-
sor to a value higher than desired, the bulb 47 reacts
to: start opening- the thermostatic valve 46 for flow of
liquid refrigerant to the inlet of the compressor, said
liquid refrigerant being evaporated as its moves in the
compressor to cool same and reducing the temperature of
the gas: and liquid discharged by the compiessor. The
valves 12, 29, 44 and 46 are all preferably of the modu-
lating type to regulate the flow of medium therethrough
in accordance with the change of the control medium.
If the compressor 1 is stopped, or the speed thereof sud-
denly reduced, whereby -the pressure in the line between
the check valve 15 and the compressor inlet 14 becomes
more than the pressure in the line 13 upstream from the
check -valve 15, said check valve closes to prevent oil
or liquid from backing upinto the ¢vaporator.

It is to be understood that while I have illustrated and
described ‘one form of my invention, it is not to be limited
to the:specific form or arrangement of parts herein de-
scribed and shown except insofar as such limitations are
included in the claims. :

What I claim and desire to secure by Letters Patent is:

1. In a refrigeration system, the combination of a con-
denser, a_refrigerant receiver containing a supply of re-
frigerant, & discharge line connectinig the réceiver and con-
denser, an expansion valve, a'liie connecting the expan-
sion valve and the receiver, an evaporator comnected to
the expansion valve, a separator containing a supply of
liquid lubricant carrier and having an inlet and a gas
outlet and a liquid outlet, a flow line connecting the gas
outlet of the separator to the condenser, a rotary refriger-
ant compressor adapted to pump a liquid lubricant carrier
and combinations of said liquid lubricant carrier and re-
frigerant gas, said compressor having an inlet and a dis-
charge outlet, said compressor discharge outlet being con-
nected to the separator inlet for delivering the compres-
sor output of liquid and gas to the separator under pres-
sure which acts on the liquid lubricant carrier in said
separator, a suction' line connecting the. evaporator and
the compressor inlet; means for governing the operation
of the expansion valve in response to temperature in said
suction line adjacent the evaporator, a check valve in the
suction line to prevent backflow from the compressor in-
let to the evaporator, a flow connection between the liquid
outlet of the separator to the suction line downstream
from said check valve for flow of liquid to the compres-
sor inlet, and means in said flow connection partially
restricting flow of liquid lubricant carrier to the com-
pressor inlet whereby pressure in the separator maintains
flow. of said carrier to the compressor inlet.

2. In a refrigerating apparatus including a condenser,
an .evaporator, a refrigerant compressor adapted to pump
liquid and combinations of liquid and refrigerant gas and
discharge same under pressure, said compressor having
an inlet and outlet, and refrigerant circulating lines be-
tween said elements including a suction line connecting the
evaporator to the compressor inlet, said elements and
circulating lines containing a supply of refrigerating agent,
a liquid and gas separator between the compressor outlet
and the condenser containing a supply of liquid lubricant
carrier for the refrigerating agent and having outlets for
the separated gas and liquid with the gas outlet connected
to the refrigerant circulating line to the condenser, means
controlling flow of refrigerant through the evaporator in
response to variations in the heat load on said evaporator,
a flow line between the liquid outlet of the separator and
the suction line to the compressor inlet for flow of liquid
to the compressor inlet, means in the suction line between
the evaporator and the connection of said flow line to pre-
vent flow of iiquid to. the evaporator, and means in said
flow line normally. restricting flow of liquid therethrough
to the compressor inlet and operative to open for in-
creased. flow of liquid to the compressor inlet in response
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to a predetermined reduced pressure af the inlet side of
the compressor whereby ati increased quantity of liquid
will be pumped through the compressor to the separator
and reduce the refrigerant gas output of said compressor.

3. In a refrigerating apparatus including’ a condenser,
refrigerant receiver, an evaporator, a refrigerant compres-
sor adapted to pumip liquid and combinations of liquid
and refrigerant gas and discharge same under pressure,
said compressor having an intake and discharge outlet,
and refrigerant circulating lines bsétween said  elements
including a suction line connecting the evaporator to the
compressor inlet, said refrigerant receiver containing a
supply of refrigerating agent, a liquid and gas separator
between the compressor discharge outlet and the con-
denser containing a supply of liquid Jubricant carrier for
the refrigerating agent and having outlets for the sepa-
rated gas and liquid with the gas outlet connected to the
refrigerant circulating line to the condensér, means con-
trolling flow of refrigerant through the evaporator in re-
sponse to variations in the heat 16ad on said evaporator,
a flow line between the liquid outlet of the separator and
said suction line for flow of liguid to the compressor in-
let, means in said suction line between the evaporator
and the connection of said flow line to said suction line
to prevent flow of liquid to the evaporator, means in said
flow line normally restricting' fiow of liquid therethrough
to the compressor inlet and operative to apen for increased
flow of liquid to the compressor inlet in response to exist-
ence of a predetermined low pressure at the inlet of the
compressor whereby an increased quantity of liquid will
be pumped through the compressor to the separator and
reduce the refrigerant gas output of said compressor, and
means bypassing the flow restricting means in said flow
line for maintaining a flow of liquid lubricant to the com-
pressor for lubricating same.

4. In a refrigerating apparatus including a refrigerant
compressor -having an infake and a discharge outlet, said

.compressor being adapted to pump both liquid and a

combination of liquid and refrigerant gas and discharge
same-under pressure, a liquid and’ gas separator contain-
ing a supply of liquid lubricant carrier for a réfrigerating
agent and having outlets for separated gas and liquid,
means delivering compressed gas and liquid from said
compressor to said separator, a condenser; connections
between said gas outlet of the separator and the con-
denser, an evaporator unit, connections between said con-
denser and high pressure side of said evaporator unit in-
cluding a thermostatically-actuated expansion valve hav-
ing a temperature sensitive bulb adjacent the low pressure
side of said evaporator unit whereby flow through said
expansion valve is increased in response to increased tem-
perature at the low pressure side of said expansion unit,
a suction line between said compressor intake and the low
pressure side of said evaporator unit including means
spaced upstream from said compressor intake to prevent
backflow toward said evaporator unit, and means Tespon-
sive to variation in pressure in the suction line adjacent
the compressor intake to vary the compressed gas output
of the compressor while maintaining the total output of
said compressor, said means including a flow line between
the liquid outlet of the separator and the suction line
between the backflow prevention means therein and the
intake -of the compressor and a valve in said flow line
operable to increase flow of liquid therethrough to the
compressor intake in response to reduced pressure at the
intake of the compressor whereby lowering of said pres-
sure at the compressor intake increases the flow of liquid
through said flow line to said compressor intake and in-
creases the proportion of liquid to gas in the compressor
output and reduces the refrigerant gas delivery therefrom.

5. In a refrigerating apparatis including a condenser,
refrigerant receiver, an evaporator and refrigerant circu-
lating lines between said elements, said refrigerant re-
ceiver containing.a supply of refrigerating agent, means
controlling flow. of refrigerant through the evaporator . in
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response to variation in the heat load on said evaporator,
a separator containing a supply of liquid lubricant carrier
for the refrigerating agent and having an inlet and a gas
outlet and a liquid outlet, a refrigerant compressor having
an inlet and a discharge outlet with said discharge outlet
connected to the separator inlet, said compressor being
adapted to pump liquid and combinations of liquid and
refrigerant gas and discharge same under pressure to the
separator, a flow line between the gas outlet of the sepa-
rator and condenser, a suction line between the evaporator
and. the compressor inlet, a second flow line between the
liquid outlet of the separator and the compressor inlet, a
check valve in said suction line upstream from said second
flow line to prevent flow of liquid from said second flow
line to the evaporator, valve means in said second flow
line normally restricting flow of liquid therethrough to
the compressor inlet and operative to open for increased
flow of liquid to the compressor inlet in response to a
predetermined low pressure at the inlet of the compressor
whereby an increased quantity of liquid will be supplied
to said compressor and increase the proportion of liquid
and decrease the proportion of refrigerant gas in the com-
pressor output, a flow connection between the discharge
ottlet and the inlet of the compressor, and valve means
in said flow connection and normally closing same and
operative to open for flow of gas and liquid through said
flow connection to the inlet of the compressor in response
to a predetermined pressure at the inlet of the compressor
which is lower than the predetermined pressure to which
the valve means in the second flow line is responsive.

6. In a refrigerating apparatus including a condenser,
refrigerant receiver, an evaporator, and refrigerant cir-
culating lines between said elements, said. refrigerant re-
ceiver containing a supply of refrigerating agent, means
controlling flow of refrigerant through the evaporator in
response to variation in the heat load on said evaporator,
a separator containing a supply of liquid lubricant carrier

for the refrigerating agent and -having an inlet and a gas -

outlet and a liquid outlet, a refrigerant compressor hav-
ing an inlet and a discharge outlet with said discharge out-
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let connected to the separator inlet, said compressor being
adapted to pump liquid .and combinations of liquid and
refrigerant gas and discharge same under pressure to the
separator, a flow line between the gas outlet of the sepa-
rator and the condenser, a suction line between the
evaporator and the compressor inlet, a second flow line
between the liquid outlet of the separator and the com-
pressor inlet, a check valve in said suction line upstream
from said second flow line to prevent flow of liquid from
the second flow line to the evaporator, valve means in
said second flow line normally restricting flow of liquid
therethrough to the compressor inlet and operative to open
for increased flow of liquid to the compressor inlet in re-
sponse to existence of a predetermined low pressure at
the inlet of the compressor whereby an increased quantity
of liquid will be supplied to said compressor and increase
the proportion of liquid and decrease the proportion of
refrigerant gas in the compressor output, a flow connec-
tion between the circulating lines upstream from the
evaporator and the compressor inlet, and valve means in
said flow connection normally in closed position and oper-
able to open for flow of refrigerant to the compressor
inlet in response to existence of a predetérmined high tem-
perature at said compressor inlet.
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