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: o 16 Claims.
This invention relates to refrigerating appa-

ratus and more particularly to refrigerating .

systems in which the compressor is provided with

" a reed valve or the like and is further provided .

with mechanically operated means for checking
the discharge from the compressor at the end of
_the compression stroke. -

One object of this invention is to provide a
system which is more efficient and at the same
time more silent in operation. .

Another object of this invention is to prov1de
a check valve of reduced size which may be al-
lowed a longer time for closing.

Still another object of this invention is to pro-
vide a by-pass opening around the usual form of
automatic check valve and to provide this open-
ing with a mechanically operated valve.

Further objects and advantages of the present
invehtion will be apparent from the following de-
scription, reference being had to the accompany-
ing drawings, wherein a preferred form of the
present invention is clearly shown. ‘

In the drawings:

Fig. 1 is a partly diagrammatic view of a refng-
erating system showing the compressor in sec-
tion;

Fig. 2 is'a sectional view taken on line 2—2 of
Fig, 1;

Fig. 3 is a fragmentary sectional view taken on
line 3—3 of Fig. 1;

- Fig. 4 is a fragmentary sectional view taken
on line 4—4 of Fig. 1 showing the arrangement of
the ports for the mechanically operated valves;

Fig. 5 is a fragmentary sectional view showing
the position of the various elements at the begin-
ning of the compression stroke;

Fig. 6 is a view similar to Fig. 5 showing the
arrangement of the elements during the last half
of the compression stroke;

Fig, 7 is a view similar to Figs, 5 and 6 show~
ing the position of the elements at the end of the
discharge stroke,

Fig. 8 is a view similar to Figs. 5, 6 and 7
showing the arrangement of the elements during
the suction stroke;

Fig. 9 is a view partly dlagra.mmatlc showmg a
modified form of compressor' connected- into a
refrigerating system;

Fig. 10 is a fragmentary sectional view taken
on the line 10~—10 of Fig. 9;

Fig. 11 is-a view, partly diagrammatic, showing

a cross sectional view of a .rotary compressor.

equipped with a still further modified valve ar-
rangement;
Fig. 12 is a fragmentary sectional view taken

6
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on line 12—I12 of Fig, 11 showing the valve in its
fully closed position;

Fig. 13 is a view similar to Fig. 12 showing the
valve in its fully open position;

Fig. 14 is a view similar to Fig. 12 with parts
broken away so as to more clearly show the valve
structure; and

Fig. 15 is a still dlfferent modified arrangement
showing a rotary compressor provided with a reed
valve located on the side thereof and a mechani-
cally operated valve located on the top thereof.

One of the problems in desighing a refriger-
ating system is to design a system which will

- operate. silently and yet operate efficiently. The

]

efficiency of any system is largely determined by

" the efficiency of the compressor and the valves.
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A large number of inventors have devised various
forms of compressors equipped with various types
of valve mechanisms, some of which have been
fairly satisfactory in operation buf have either
been too noisy or been impractical for other
reasons. Itisold to provide a compressor with an
automatic valve and it is likewise old to provide
a compressor with a mechanical valve but each
type has its advantages and disadvantages. - Sys-
tems constructed in ‘accordance with my inven-
tion have the advantages of systems employing

. Wholly automatic check valves and also the ad-

35

40

45,

50

55

vantages of systems employing mechanically
operated valves. ‘ .
Referring now particularly to the arrangement
shown in Figs. 1 through 8, the compressor 20 is
provided with a discharge outlet 22 which is con-
nected to the refrigerant vapor line 24 leading to
the condenser 26. The condensed refrigerant is

‘supplied to the usual form of evaporator 28 from

which the vaporized refrigerant flows through the
line 30 which connects with the compressor inlet
32. The compressor is of the hermetically sealed
type in which the moving parts are journaled in
a main frame 34. The usual form of motor hav-
ing a stator 36 and a rotor 38 is provided. The
main rotor shaft 40 is provided with a crank 42
which drives a connecting rod 44 which, in turn,
causes reciprocation of the piston 46. The piston
46 reciprocates within the cylinder 48 which is
pivotally mounted on the main frame 34 by means
of the pivot 50.. On the lower end of the main
rotor shaft 40 there is provided a cam 52 which °
cooperates with a cam follower 54 carried by the

cylinder 48 and which serves to oscillate .the

cylinder 48 about the pivot 50.. As best shown in

Fig. 4, the main cylinder 48 has a flat bottom

surface 56 which is in sliding engagement with -
the flat surface 58 of the member 60 which has
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s passage 62 communicating with the inlet 32
and has a separate passage 64 through which a
portion of the compressed refrigerant is dis-
charged from the compressor chamber at such
times when the passage 64 is in alignment with
a passage 66 formed in the wall of the cylinder
48. The wall of the cylinder 48 is also provided
with a second passage 68 which is in alignment
with the passage 62 during the intake stroke of
the piston by virtue of the cam arrangement.
The wall of the cylinder 48 is also provided with
s passage 10 which leads to the conventional
form of check valve 12, )

In order to produce the proper movement of
the main cylinder 48 a spring 74 is provided
which biases the cylinder in a clockwise direction

about the pivot 50 as viewed in Fig. 5. The cam
* 52 and cam follower 54, therefore, definitely de-
termine the angular position of the cylinder 48
with respect to the member 60. Referring to the
showing in Figs. 5 through 8, it will be noted
that as the cylinder of the compressor rocks
about the pivot 50 the inlet and outlet passages
62 and 64 are covered and uncovered mechani-
cally in the manner explained hereinafter. Re-
ferring to Fig. 5, it will be observed that at the
beginning of the compression stroke the pas-
sages 62 and 64 are both covered and remain
covered during the first half of the compression

stroke. As the pressure within the piston in-.

" creases to a point above the pressure within
the main compressor housing the flap valve 12
will open. Under normal conditions, the flap
valve 12 will open before the passages 64 and
66 move into alignment.

Fig. 6 shows the cylinder in the position in
which the passage 66 is in alighment with the
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at 102 flows to the head end of the piston via
the passage 104 surrounding the stem of the
slide valve 98, the by-pass 106 around the valve
98, and the passage 108. The arrangement of
the cam 94 is such that the slide valve 98 re-

- mains in the position shown during the full suc-
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passage 64. When these passages come into .

alignment the compressed gas in the cylinder
tends to flow freely through these passages with
the result that the flap valve 12 will slowly close
without making the usual noise. At the end
of the discharge stroke the parts are in the
position shown in Fig. 7. Immediately at the
beginning of the suction stroke the main cylin-

-40

der 48 shifts into the position shown in Fig. 8 -

in which the passages 62 and 68 are in align-
ment, thereby permitting the piston to withdraw

gas from the evaporator in the usual manner.

The cylinder 48 remains in the position shown
in Fig. 8 throughout the suction stroke of the
piston, and immediately at the end of the suc-
tion stroke the cylinder shifts back into the
position shown in Fig. 5.

Lubricant is fed to the main bearings by use
of the lubricant supply pipe 76 carried at the
lower end of the main shaft 40. Lubricant col-
lected by the pipe 76 flows upwardly through
the passage T8 which supplies lubricant to the
various bearing surfaces in the well-known
manner. )

In Fig. 9 of the -drawings I have shown my
invention applied to a reciprocating type of
compressor employing a stationary cylinder
housing 80. In this modification the crank shaft
82 imparts reciprocation to the piston 84 by
means of the usual form of piston rod 86. The
crank shaft 82 is provided with a gear 88 which
imparts rotation to a pair of gears 90 and 92
which operate the valve operating cam seg-
ments 94 and 96 respectively. The cam seg-
ments 94 and 96 reciprocate the slide valves 98
and (00 respectively. When the valve 98 is in
the position shown in Fig. 9, the low pressure
refrigerant entering the compressor crankcase
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tion stroke and, at the end of the suction stroke,
the valve 98 moves upwardly thereby closing

"the passage 108. During the compression stroke.

of the piston 84 the compressed fluid discharges
through the port #10 which is provided with the
usual form of valve flap 112 which is free to
move away from the valve port I10 whenever
the pressure within the cylinder is greater than .
the head pressure. The construction of the cam
96 is such that during the latter portion of the
compression stroke the slide valve 100 uncovers
the discharge port 114 with the result that the
compressed refrigerant tends to flow through the
port i 14 rather than through the port 110. Con-
sequently, the flap valve 108 slowly closes the
port 110 before the completion of the compression
stroke. It will be noted that in this modifica-
tion the cylinder is stationary; whereas, in the
first modification the cylinder oscillated about a
pivot. It will also be noted that the mechan-
ically operated valve 100 is in parallel with the
flap valve (12, For purposes of illustration, the
inlet valve has been shown as being a mechan-
ically operated valve but may be any other form
of valve suitable for refrigerant compressors.
Referring now to Figs. 11 through 14 in which
I have shown a still further arrangement suit-
able for use in a rotary compressor unit, the ro-
tary compressor unit comprises an outer casing
120 which supports the motor stator 122 and the
centrally disposed rotary shaft 124 which in turn
carries the motor rotor 126 adjacent its upper
end and the compressur eccentric {28 adjacent
its lower end. The bottom wall 130 of the outer
casing supports the main compressor casing 132
which is provided with the usual form of divider
block 134. The eccentric 128 imparts movement
to the impeller 136 in the usual manner. The
low pressure refrigerant vapor enters the com-
pressor casing through the inlet {38 which com-
municates with the inlet port 140 of the com-
pressor. The compressed refrigerant leaves the
compressor via the discharge port 142 provided
on the upper side of the compressor housing.
A flap valve 144 is provided for the outlet port
142, This flap valve is carried at the outer end
of the arm (46 which is pivotally supported from
the compressor casing at its one end by means
of the pivot (48. The arm 146 is biased into the
position shown in Figs. 12 and 14 by the spring

_180. During the latter portion of the discharge

stroke of the compressor, the arm 146 is cammed
into the position shown in Fig. 13 by the cam
segment 152 provided on the main shaft 124.

.In the modification shown in Figs. 11 through
14, the valve flap 144 opens like any other reed -
valve and, when in the open position, is moved
sidewise away from the valve port 142 with the
result that the valve flap 144 moves into engage-
ment with the upper wall of the casing 132 at a
point adjacent the port 142. The port 142 is
closed when the arm 146 carrying the valve flap
184 slides the valve flap 144 into position over
the port 142, By virtue of this mode of valve op-
eration, the valve makes practically no noise dur-
ing operation.

In Fig. 15 is shown a slightly modified arrange-
ment for use in a rotary compressor in which
the discharge passage from the compressor is
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~ provided with two vaives in parallel, ohe of which-

is a flap valve 160 mounted on the side wall of
the main compressor casing 132¢_and the other
. of which comprises a slidable member 146a, cor-
responding to arm 146 in Pig. 13, which covers
and uncovers the outlet port 162 provided on the

upper side of the compressor casing, The arm’

i46a is operated in the same manner in which
the arm (46 in the preceding modification is op-
erated. :

In the refrigerating systems disclosed in this,

application all of the advantages of the mechani-
cally operated valve are present and, at the same
time, all of the advantages of the automatically
operated valve are present. It will be noted that
in the systems disclosed herein the closing of the
mechanically operated valve may be accurately
timed with the result that it is possible to check
the flow of refrigerant at that peint ‘at which
maximum efficiency may be obtained. The point
at which the check valve openg will of course be
determined by the head pressure in each case
and will, therefore, vary considerably. The tim-

3

- struction being such that said mechanicaily oper-

1o

15

20

ing of the mechanically operated vaives may be -

~-varied to suit the particular requirements by
changing the design of the cam imember.,

While the form of embodiment of the invention
as herein disclosed, constitutes a preferred form,
it is to be understood that other forms might be
adopted, all coming within the scope of the claims
which follow.

What is claimed is as follows:

1. In a refrigerating system, a compressor hav-
ing a compressing chamber, inlet and outlet
means for said compressing chamber, refriger-
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ant flow control means for said -outlet means so .

constructed and arranged that refrigerant may
flow from said chamber at a bPredetermined dif-
ference in pressure between said chamber and
said outlet means and is free to flow until the
- end of the compression stroke of the compressor
irrespective of pressure in said chamber and said
outlet means. : ' '

2. In a refrigerating system, a compressor, in- -

let and outlet means for said compressor, a plu-
rality of discharge valves arranged in parallel
relationship between said compressor and said
-outlet means, means whereby one of said valves
opens first and closes after another of said valves
opens but before said other valve closes.

3. In g refrigerating system; s compressor hav-
ing an outlet means, a plurality of discharge
valves between said compressor and said outlet
means . arranged in parallel relationship, me-
chanical means for opening and closing one of
said valves once during each compression stroke
of said compressor, and means whereby another
of said valves operates in response to a pressure
differential betweer said compressor and said
outlet means. .

" '4. In g refrigerating system, g compressor hav-
"ing a compressing chamber, outlet means for said
compressor, a check -valve between sald com-
pressing -chamber and said outlet means, and a
mechanically operated valve between said com-
pressing chamber and said outlet means, the con-
struction being such that said mechanically oper-
ated valve opens Subsequent to the opening of
said check valve. . .

5. In a refrigerating system, a compressor hav-
ing a compressing chamber, outlet means for said
compressor, a check valve between said comn-
pressing chamber ahd said outlet means, and a
mechanically operated valve between said com-

- pressing chamber and said outlet means, the con~
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ated valve closes subsequent, to the closing of said
check valve. :

6. In a refrigerating system, a compressor, said
compressor having a movable cylinder block pro-
vided with a compressing chamber, discharge _
means for said compressor, a plurality of valve
ports between said compressing chamber and said
discharge means, said ports being arranged in
parallel relationship, and means whereby move-
ment of said cylinder block opens and cleses one
of said ports. ‘

7. In a refrigerating system, a compressor, an
outlet for said compressor means for controlling
the flow of refrigerant from said compressor to
said outlet comprising a flap valve, and mechani-
cally operated means for positively delaying the
closing of said flap valve. )

3. In combination with a refrigerant com-
pressor having an outlet port provided with a
bressure-operated check valve, means for by-
passing said check valve, and means whereby said
by-pass is open during substantially the last half
of the compression stroke of said compressor and
is closed the remainder of the time.

9. In combination with a cylinder of a refrig-
erant vapor compressor for use in a system in
which varying amounts of lubricant are circu-
lated with the refrigerant vapor, an impeller in
said- cylinder, an intake port for said cylinder,
a plurality of discharge ports for said cylinder,
a rotary shaft, means whereby rotation of said
shaft imparts an impelling movement to said im-
peller, means whereby rotation of said shaft opens
and closes one of said discharge ports, and a reed
valve for opening and closing another of said
ports.

10. In a refrigerant vapor compressor, a sta- .
tionary cylinder, a reciprocating piston in said
cylinder, an intake port for said cylinder, a plu-
rality of discharge ports for said cylinder, a pres-
sure operated valve for one of said ports, a slide
valve for another of said ports, and means where-
by said slide valve is normally opened after said
pressure operated valve has opened and is nor-
mally closed after said pressure operated valve
has closed.

11, In a rotary compressor for use in a refrig-
erating system in which s mixture of refrigerant
vapor and lubricant is required to pass through
the compressor, means forming a compressing
chamber, an impeller therein, a shaft having an
eccentric in driving engagement with said im-
peller, a first discharge port for said compressing
chamber, a reed valve for said port, a 'second dis-
charge port arranged in parallel with said first
port, means operated by said shaft for opening
and closing said second port.

12, In combination, a support, an oscillating
cylinder mounted thereon, a piston reciprocable
in the bore of said eylinder, a first discharge port
for said cylinder, means whereby oscillation of
sald cylinder covers and uncovers said port, a
second discharge port for said cylinder in paral-
lel with said first discharge port, and a check
valve for said second port. .

13. In a sealed refrigerating systém in which
a lifetime mixture of refrigerant and lubricant
is sealed into the system, a compressor having
first means forming a compression chamber and
having second means for compressing refriger-
ant gas in said chamber, a plurality of discharge
ports in said first named means, pressure re-
sponsive apparatus controlling the flow through
one of said ports, and means whereby movement
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of one of said compressor imeans positively con-
trols the flow of refrigerant through the other
of said ports.

14. In a compressor, means forming a pump-
‘ing chamber, a piston within said chamber, an
outlet port for said chamber, a spring-loaded
valve for said port adapted to open upon an
increase in the compression pressure above the
discharge pressure, and means for positively
holding said valve open during a portion of each
compression stroke.

15. In combination, means forming a com-
pression chamber including a valve port, a pres-
sure operated valve for said port, a piston in said
chamber, piston operating means, means op-

<
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.erated by said piston operating means for post-

tively holding said valve open for a portion of the
time during each stroke of sald piston.

16. In a compressor, & cylinder, a& piston op-
erable therein and forming with said cylinder a

‘compression chamber, an intake port, outlet port

means, & pressure operated valve for said outlet
port means, valve means for said inlet port, re-
silient means biasing said outlet valve into closed
position, and means in addition to said resilient

‘means for positively moving said outlet valve to

its closed position substantially at the end of
the compression stroke.
HARRY F. SMITH.



