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This invention relates to control apparatus for
compressors of the gaseous fluid type and more
particularly to. control apparatus for air condi-
tioning and refrigerating systems of the compres-
sion type in which the system, including the com-
pressor, uses a condensable gas which- 1s kept
confined in the system.

The general object of this invention is to pro-
vide a simple and improved apparatus wherein
the input of mechanical energy to the compressor
and the transfer of thermal enérgy of the system
can. be controlled without stopping: the com-~
pressor or without varying the speed of the com~
pressor.

It is an obJect of thls mventlon to prov1de a-

system of controlling and limiting the amount of
mechanical energy used to drive the compressor
and the amount of thermal energy transferred
by the system, even though the compressor may
be driven by a source which necessitates its opera~-
tion over a range of speeds such as when used
in connection with air conditioning or refrigerat-
ing apparatus in automobiles, truecks, railway
coaches, and the like, where the compressor is

driven from the motor or the. wheels of the ve--

hicle.

It is another obJect of this invention to control
input of mechanical energy and the transfer of
thermal energy so that it will approach the re-
quired load conditions without stopping or vary-
ing the speed of the compressor.

Another object of this invention is to stop or
limit the flow of gas through the valves of the
compressor, without varying the speeds. of ‘the
compressor, so that the amount of gas flowing
through them will be reduced when. the amount
of refrigeration. required is reduced rather than
increasing the amount of gas passmg through the
compressor as is done by the “by-pass” systems
where the outlet of the- compressor is led back
into the inlet of the compressor. raising the back

pressure and increasing the total amount of gas.

passing through the compressor.

Another object of this 1nvent1on is- to- limit
the power input and output of the compressor so
that it will not be loaded beyond its. rated ca-
pacity even though it should be run at a speed
which would normally cause.it to overload and
break down.

Another object of th1s mven‘mon is to keep.the
refrigeration system itself from becoming over-
loaded or freezing up even though the speed: of
the compressor should exceed its normal speed..

Another object of this invention.is to provide

a method: of reducing the starting load on the.
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compressor used in a refrigeration system of the
closed compression type.

It is another object of this invention to provide
an improved system of controlling the load of a
compressor without causing excessive changes in
pressure “in the low side” of the system.as when
the gas is “by-passed” from the hlgh side to the
low side.

1t is also an obJect of this mventmn to provide
an improved system for completely shutting off -
the refrigerating system where it is impractical to
stop thé compressor driving ‘motor such as when'
large motors are used or when the motor is also
used for other purposes. = -

Other and further objects are apparent when
the specification is considered m connec‘mon w1th
the drawings in which: -

Figure 1, the single: ﬁgure ‘partially in section,
and partially diagrammatie, represents a typical
compressor type refrigerating system employed in
connection with this invention.

The refrigerating system 1 includes therewith
a compressor 2 having an oil sump 38 to-be herein-
after described in connection with specific fea-
tures of this invention, a shaft 4 journalled in the
compressor body, a crank arm 5 rigidly connected
to the shaft 4, a piston rod.6 pivotally connected .
to the crank § at T and to the piston 9 at 8. ‘The
rotation of the shaft 4 causes the piston to recip-
rocate in the cylinder 19.  On the down-stroke of
the piston the inlet valve 11 s opened so the fluid
may enter the cylinder, and on the up-stroke of "
the piston 9 fluid is discharged upwardly through
the outlet Valve i2 to pass-out into the discharge
line 13.

The refrigerating system herein described op-
erates conventionally by dehvermg the fluid in’
the form of a hot high pressute gas into the con-
denser coils 14 where the heat is removed there-
from with the result that the gas liquefies and'is
delivered, preferably by gravity, into the receiver -
i5. - From the receiver 15 the liquid refngerant
ﬁows outwardly into the connecting line 16 to the
expansion valve 11. " This valve 17 is of the con—
Ventmnal type designed to receive a fluid-at a
higher pressure and to dehver the ﬂu1d therefl om
at.a lower pressure. -

From  the expansion valve 11 the refrlgerant

‘passes into the evaporator means, shown herein-
‘as & series of coils 18,

These coils pass throughv
a space 19 from’ whlch it is desu'ed to remove a -
quantity of hest.

The lowering of. the refr1gerant pressure - T8
sulting from~ its passage through -the valve 17
causes it to evaporate and to absorb heat from
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the space I8 in which the evaporator 18 is lo-
cated. It then passes into the return line 20.

The return line 20 connects at 23 into a valve
means 24 and the outlet side of the valve means
24 is connected at 25 into the inlet chamber 27 of
the compressor. The path of refrigerant then
jeads through the valve {1 into the cylinder i0
and thence through the valve (2 into the outlet
chamber 28 which communicates with the high
pressure,- or discharge line 13, as has been here-
inabove deseribed.

The connection 21 is shown inserted in the Te=

<t

10

4
transferred by the system will be proportional
to the amount the valve is opened.

In any refrigeration or air conditioning system
in which a liquid refrigerant is evaporated to
absorb the heat of 'vaporization of the refriger-
ant, the total amount of refrigeration produced
is directly proportional to the total mass or weight
of the liquid evaporated, such weight being equal
to the weight or mass of the vaporized gas pro-
duced. As this gas must be re-condensed by the
compressor, the total amount of refrigeration -

" produced in the closed system will also be directly

turn line 20, outwardly of, or more properly on the.. .

inlet side of the valve means 24, “A’line 22 from-
|15

this connection 21 leads to the sump 3.

The compressor 2 should be a type-which has . -

no direct or internal connection -from- the -inlet -

port 25 or inlet chamber 21 or inlet valve 1§ to

the enclosed oil sump 3.
shown as a conventional,. single cylinder piston
type with valves 11 and I2 located in the head
plate 26. A multiple cylinder compressor may.
also be used or any other type .of compressor
which has a closed oil sump and has no connec-
tion between the oil sump and the inlet of the
compressor. However, -a . conventional piston

type of compressor with inlet valve located on, or.

in the piston, cannot be used. Any prime mover
or source of power may he used: to.actuate the
COMpPressor, U S

Line 20 from the evaporator, 18 is connected to
the control valve means 24. . This means may be
& simple manually controlled valve of the globe,
gate, or needle valve type. which may he either
completely or partially closed.. The valve means
24 also may be a solenoid operated valve which
may be closed or partially:closed by any.of the
variable conditions available: for controlling the
valve means. These variables may be the tem-
perature of the space the evaporator is cooling,
the discharge pressure, the:spéed of the com-
pressor, - the- suction: pressure, the flow of gas
through the- suction -or-discharge line, or any
other ‘variables which heed be limited -or con-
trolled.-” An automatic-mechanical valve may be
employed which is controlled by any of the avail-
able variables, or also' a combination of one or
more of the above mentioned types of valves may
be used, either singularly or in multiples. ‘

Line 22 is connected.to line 20 preferable at
23 near the inlet to valve mieans 24 so that it
will provide a gas pressuré in the oil sump 3
which will not change rapidly when valve means
24 is operated. This line 22 is arranged so that
any oil which may leak into the system will be
returned, preferably By gravity, to the oil sump 3.

Tor convenience pressure in that portion of the
system between the downstream side of the con-
trol valve 24 and the inlet valve 11 is referred to
ag control pressure.

When valve means 24 is shut off no gas will

pass through the compressor so there will be no
refrigerant circulating through the system which
will cause it to become inoperative until it is
desired to start the process again, at which time
valve means 28 is opened and the gas-is again
allowed to flow. The oil then will be returned

through line 22 (or 22"). The energy consumed -

by the compressor when the valve is closed will

be only that required to overcome the losses of .

friction and the losses introduced by the leakage
of the valves and pistons. If the valve means 24

is partially closed, the amount of energy con--
sumed by the compressor and the amount of heat -

This compressdr 2 is ..
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proportional to the weight or mass of the gas

""“'passing through the compressor. The mass of gas

passing through the compressor will be deter-

“mined by the mass of gas forced into each cylin-
- der-or compression chamber at the time of maxi-

mum displacement, such maximum displacement
cecurring at the bottom of the stroke in a cylin-
der and piston type compressor.

Tn the range of pressures,. in which . the
inlet of the compressor operates, the densily of
the gas. (neglecting the. temperature change
which is relatively small at this point) varies
directly as the absolute:pressure (Boyle’s law).
As the volume of gas in the cylinder or chamber,’
at each time of maximum. displacement, is con~
stant,-then the density.of the gas will be directly
proportional to the mass.. From this it follows
that the mass or weight: of gas flowing through
the .compressor is directly. proportional to the
absolute pressure of the:gas.at the input. Thus
in a refrigeration system of -this type, using a
given compressor and refrigerant, the amount
of refrigeration produced per stroke or revolu-
tion of the compressor will be directly. propor-
tional to the absolute pressure on theinlet cham-

- ber. :

Therefore, a system as outlined hereinabove
has been developed wherein the inlet pressure to
the compressor may be Varied without causing
these variations in pressure to be transferred
directly to the oil sump where the lowering of
the pressure may cause such difficulties as foam-
ing of the oil, leakage of air into the system, and
inoperation of the oil pump, if used. '

Broadly, therefore, this invention - considers
varying the amount of heat transferred in a re-
frigeration system and the input of mechanical
energy thereunto by controlling the pressure on
the inlet of the compressor, withiout lowering the
crankease or evaporator pressure.

What is claimed is: o :

1. A closed refrigeration system including 2
compressor having an inlet, a discharge line, and
a sump for compressor oil, a refrigerant to-be
supplied to the compressor through the inlet as
2 low pressure gas, compressed therein, and ex-
pelled through the discharge line as a high pres-
sure gas, a condenser connected to the discharge
line, means connected to the condenser providing
a, restricted passage to receive refrigerant from
the condenser and-to discharge it at a lowered .
pressure, an evaporator connected to the-outlet
from said passage to ‘receive ‘the refrigerant
therefrom and permit it to evaporate and absorb
heat from the space around the evaporator, a
return line from the evaporatorto the compres-
sor inlet, a control valve means intérposed in

“gaid return line, to provide:a control pressure be-

tween said .control valve and the compressor inlet
isolated pneumatically and hydrostatically from
the sump $o that the control pressure is not com-
municated directly to the sump, and.means pro-

ividing' a passage from the sump to a gas filled"
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portion of the system downstream from said re-
stricted passage and - upstream from the control
valve,: whereby. a.pressure other than the con-
trol pressure is exerted on the sump and any oil
which may leak mto the system w111 be restored
to the sump.

2. :A:closed refrigeration:system including. a
compressor having an inlet, a discharge line, and
a.sump for compressor. oil, arefrigerant to. be
supplied to the compressor:through the inlet as

charge, and an. 011 retaining . space, a2 condenser
having its: 1n1et connected 10 said , compressor
discharge, means connected to the outlet of said
condenser. :providing a. restrlcted passage from
the condenser and .an- evaporator connected to
the outlet from- sald passage, a-return line: from
the evaporator to the compressor inlet; a control
valve;means interposed in said: return line, and

- means. providing a passage from:the oil retain-

10

& low:pressure gas, compressed therein, and ex- -
pelled through the discharge line as a high pres- -

sure gas, a condenser connected to the discharge
line, means connected to the condenser providing
a restricted passage to receive the refrigerant
from the condenser and to discharge it at a low-
ered pressure, an evaporator connected to the
outlet from said passage to receive the refrigerant
therefrom and permit it to evaporate and absorb
heat from the space around the evaporator, a
return line from the evaporator to the compressor
inlet, a control valve means interposed in said
return line to provide a control pressure space
between said control valve and the compressor
inlet isolated pneumatically and hydrostatically
from the sump so that the control pressure is not
communicated directly to the sump, said sump
being in communication with a gas filled portion
of the system downstream from the compressor
discharge and upstream from the control valve
whereby a pressure other than the control pres~
sure is exerted on the sump and any oil which
may leak into the system will be restored to the
sump.

3. In a refrigeration system wherein apparatus
is provided including a piston-type . compressor
with one end of a piston therein in communica-
tion with a gas-tight crankecase for the com-
pbressor which is adapted to contain a lubricating
oil and wherein the opposite end of said piston
is in communication with suction and discharge
conduits controlled by conventional compressor
suction and discharge valves, respectively, and
wherein said suction and discharge conduits are
respectively connected to evaporating and con-
densing means of @ closed refrigerating system,
the improvement which comprises in combina-
tion therewith of a flow control means in said
suction conduit and a conduit between  said
crankcase and the suction conduit upstream of
said control means.

4. The apparatus of claim 3 wherein the point
at which said last mentioned conduit connects
to said suction conduit is at a vertical level
above its inlet to said crankcase whereby a
lubricant in a refrigerant passing through said
compressor can flow to said crankcase.

5. A compressor system which comprises, in
combination, a piston-type compressor having
one end of a piston therein in’'communication
with suction and discharge conduits controlled
by conventional compressor suction and discharge
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valves, respectively, and having a sump in com- .

munication with the other end of said piston
and adapted to contain a lubricating oil, a fow
control means in said suction conduit and a con-
duit between said sump and said suction conduit
upstream of said flow control means.

6. A refrigeration system comprising in com-
bination with a prime mover having duties re-
quiring speeds of operation independent of the
amount of refrigeration required, a compressor
connected to said prime mover to be driven
thereby at speeds dependent on the speed of
said prime mover and having an inlet, a dis-
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ing space to a portion of the system downstream
from ‘said restricted passage and upstream from
the control valve, whereby intake to said com-

- pressoer may be controlled independently of its

speed without rapid variation in the pressure
in sald oil retaining space.

7. A refrigeration system comprising in com-
bination with a prime mover having required
speeds of operation independent -of the amount
of refrigeration required, a compressor connected
to said prime mover to be driven thereby at
speeds dependent on the speed of said prime
mover and having an inlet, a discharge, and an
oil retaining space, a condenser having its inlet
connected to the discharge from said com-
pressor, means connected to the outlet of said
condenser providing a restricted passage from
the condenser, and an evaporator connected to
the outlet from said passage, a return line from
the evaporator to the compressor inlet, a con-
trol valve means interposed in said return line
to provide a control pressure space between said
control valve and the compressor inlet isolated
pneumatically and hydrostatically from the oil
retaining space so that the control pressure is
not communicated directly to the oil retaining
space, said oil retaining space being in communi-
cation with a gas filled portion of the system
downstream from the compressor discharge and
upstream from the conftrol valve whereby a
pressure other than the control préssure is ex-
erted on the oil retaining space and any oil
which may leak into the system will be restored
to the oil retaining space.

8. Refrigeration apparatus adapted for use in
a vehicle comprising a compressor having a driv-
ing connection adapted to be connected to a part
on said vehicle which moves with respect to the
remainder of the vehicle as the vehicle travels
from place to place, whereby said compressor
will be driven at speeds depending upon the
speed of movement of said part of the vehicle
to which it is connected, said compressor having
also an inlet, & compression space, an outlet,
and an oil retaining space, a control valve con-
nected to the inlet for controlling the intake to
said compressor, and connections to the entrance
of said valve and from the outlet of said com-
pressor, sald connections, valve, compression
space,. inlet and outlet, providing a refrigerant
passage, said oil retaining space being isoclated
from that portion of the refrigerant passage be-
tween said control valve and said compressor out-
let and being in communication with said refrig-
erant passage beyond the limits of that portion
of the refrigerant passage downstream from said
control valve and upstream from said compressor
outlet.

9. A compressor system which comprises in
combination, a compressor having an inlet, a
compression space, an outlet, and an oil retain-

_ing space, a control valve connected to the inlet

for controlling the intake to said compressor,
connections to the inlet of said valve and from
the outlet from said compressor, said connec-
tions, valve, compressor space, and inlet and out~
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let providing a refngerant passage said ofl re-
taining space being isolated . from that portion
of the refrigerant passage between said control
valve and:said.compressor outlet and said oil

retammg space being in éommunication with

said refrigerant passage beyond the limits of that
portion of the Tefrigerant passage downstream
from said control valve and upstream from said
compressor outlet .

WILLIAM E. DAVIs;
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