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10 Claims., (CL 62=3)

This invention has to do with valves for the control of
1efr1gerant flow, particularly in ice-making systems and
air conditioning systems of the reversible heat pumip type.
it includes improvements over my U. S. Patent No.

2,497,903, issued February 21, 1950; my copending U. S.
application Serial Number 45, 343, filed August 20, 1948,
now Patent No. 2,654,227; my copending U. S. applica-
tion Serial Number 50,101, filed September 20, 1948, now
Patent No. 2,672,016; my copending U. S. application
Serial Number 174,944, filed July 20, 1950, now Patent
No. 2,774,223. The drawings and specification are in
the main duplications of a paft of ' my Canadian patent
apphcatlon Serial Number 618,079, filed July 14, 1951,

It is an object of this invention to ‘provide a valve
mechanism dctuated by refrigerant flow which not only
produces the desired periodic reversals of flow, buit also
causes cessation of liquid ‘flow to provide the desired
“pumping-out” periods.

Another object is to provide a rfeadily accéssible ad-
justment for varying the length of 1ce-makmg periads,
thus modifying the diameter of the ice disks or causmg
ice to be reléased before the two opposed thin disks of ice
join to form a thicker disk.

An additional object is to provide a suction vapor cott-
trol valve having no outside connection with a control
device and - being actuated automatically in response to
the shifting of liquid refrigerant flow and to changes in
the relative vapor pressures within an evaporator which
has just finished its defrosting or ice-releasing period and
the active suction pressure of the system.

A still further object is to p10v1de a system in which
two or more evaporators are active in freezing ice while
a lesser number of evaporators are being heated by the
specific heat’ of 11qu1d refrigerant flowing to the active
evaporators, thus causing each evaporator to be active a
greater perceéntage of the time.

Another object is to provide a control system' suitable
for use in shifting or reversing flow of refrigerant in vari-
ous types of refrigerating or heat-pump apparatus.

In the drawings:

Figure 1 is a sectional view of a valve méchanism ac-
tuated by refrigerant vapor flow dnd designed to control
both liquid and vapor.

Figure 2 is a fractional sectionsl view of Fig. 1 on the
ling 2—2 thereof.

Figure 3 is a sectional view of a rotary valve designed
to be actuated by the pinwheel and gear train of Fig. 1.

Figure 4 is a sectional view of -a magnetically actuated
valve mechanism which may be used in place of the valve
assembly seen in Fig, 1.

Figure 5 is a detail sectional view of Fig. 4 on the line

5—5 thereof.

Figure 6 is a sectional view of a solenoid valve having
two outlets and usable in Fig. 4 to réplace the upper valve
assembly thereof. v

Figure 7 is a sectional view of an assembly of two sole-
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‘position as in Fig. 1, which means that the rocker 364
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e 2
noid valves which may replace ‘the ‘two upper ‘valves of
Fig. 4.

Figure 8 is a diagrammatic view of an ice-making: sys-
tem employing three or more evaporators, showing a suit-
able arrangement of tubing:and" control’ valves.

‘Figure 9'is a detail sectional ‘view of Fig. 8 oti the' ling
9—9 thercof, showmg a modificationt of the valves. of' F1g
4 for use when ice is to'be frozen by two of more evaporaZ
tors at a time, as in a machine of- larger: capscity. 3

All of these figures show valve-control devices adapted

for use "in connection with ice-making systems-such ‘as

shown in my previous U. S. Patents and apphcatlons
above mentioned. Typical refrigerant cireuits for $uch
systems are shown in-Figs. 1, 2:and '8 of this. apphcatlon

Figure 1 shows‘a valve assembly adapted ‘for use in- a
system $uch.as is shown by Fig. 4 of my copénding U.’S.
application Serial Numbeér 174; 944 replacmg valvés 72,
84, 86 and 88 thercof and obtaining ‘energy “for ‘théir
operation from refrigerant vapor flow: on'the’ order-of my
United States Patent 2,497,903 ‘but- controlling ‘liguid -as
well as vapor and providing the “pump out™ peried. ~

‘In Figure 1 the-low pressure refrigerant vapor:flowing
from the active evaporator enters the valve assembly 319
through the tube 270. It enrters the chamber 314 and
flows ‘therefrom through the port 316 which-is now opén
but will later be closed by means of the valve 318. T he
refrigerant vapor-is free to flow within the ¢hamber 320
and thence through the ports 322 which-are so positioned
that the flow of refrigerant vapor drives the - pinwheel
324 as the vapor-enters the chamber 326 from which it
flows through the outlet port 328 to the suction tube 274
which leads to the compressor 275, which discharges inito
the condenser 277.

The pmwheel 324 is atfached to the hollow stub shaft
334 carrymg pinion 336 which drives the gear '338; which
has’'a pinion 340 serving as its hub and rotating ' freely
upon the shaft 342. The pinion 340 drives the gear 338’
which'is similar to the gear 338 and has attached théreto
a 51m1lar pinion 340 which rotates freely upon the’ shaft
344, 'Several such assemblies of a gear and-a plmon ro-
tating together freely on one or the other of the two shafts
provide -a great réduction in gear speed until ﬁnally the
driven gear 346 rotates at say one ‘revolution per hour
whereas the pinwheel 324 and its connected plmon 336
revolve at say, 1,000 R. P.'M. The driven gear 346
unlike the other driven gears, is keyed to the shaft 342
or to a tubular extension of the cam 348 so that the cam
is driven at the same speed as the gear 346. In case
the gear 346 is keyed to the shaft 342 the cam 348 is also
Leyed to the shaft 342. Mounted on the cam is'a crank
pin 350 (Fig. 2) which may be provided with roller 352.
This roller fits freely within the slot 354 of the U= shaped
lever 356 which carriés one end of the spring 358. “This
slot need not be straight as.shown. It may have curved
sides and be widened at the bottom to compensateé for
any inequalities in the rate of lever movement ‘relativé
to cam rotation, but this is not necessary “sincethe’ if-
portant timing occurs when the crank pin 350.and the
point 360 of the cam are in approximately the same hori-
zontal plane as the shaft 342.  With the exception-of the
pinwheel 324 which rotates with the pinion 336 and.of
the gear 346, which carries the cam 348,.each. gear- 338’
is fixed to a pinion 340 and rotates freely on its:shaft.

Figure 2 shows the rocker-362 in the same horizontal

(Fig. 1) occupies a similar position in which neither the
liquid valve 366 nor ifs similar mating valve’ 367 fac-
tuated by the opposite end of the rocker 364, is Tiftéd
from its seat Since hlgh pressure hquld refrlgerant
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sure within the chamber 368 aids gravity in holding the
valves 366 and 367 closed... | -

In the position shown in Fig. 2, the cam 348 is rotating
to the right and has.almost. reached the position at which
the point 372 of the rocker 362 will fall off the point 360
of the cam.  As point 372 is released the rocker 362 will
move, clockwise upon the shaft 374 due to the tension
of spring 358 which is connected with the downwardly ex-
tending arm 376 of the tocker 362. This clockwise
movement of the rocker 362 causes the closing of the
valve 318 and the positive opening of valve 378 in case
the latter has not-already been opened by gravity due to
the pressures within the two evaporators and their con-
nected chambers 314 and 380 becoming substantially
equalized. - It will be noted that when the -rocker 362
tilts clockwise in Fig. 2 the rocker 364 (Fig. 1) moves
. with it because both are keyed to the shaft 374. The
movement of rocker 364 lifts the liquid valve 366 from
its seat, allowing high pressure liquid refrigerant to flow
through ‘the tube 270 to.the inactive evaporator while
the corresponding valve 367 remains seated to prevent
the flow of liquid through the tube 285 to the evaporator
214 which is now connected with the chamber 380 of the
open suction valve 378.

It will be noted that when the rockers 362 and 364 are
in their horizontal position all four of the valves 366, 367,
318 and 378 are free to open or close under the influence
of fluid pressure differences across them. Since there is
always high pressure liquid in the chamber 368 the valves
366 and 367 remain closed.  The valve 378 remains
closed as indicated in Fig. 2 until the pressure in chamber
380 falls to nearly the operating :suction: pressure, at
which time gravity causes the valve 378 to open.

1t is thus seen that refrigeration of one evaporator will
continue and the other evaporator will be flooded with
warm high pressure liquid refrigerant until the cam has ro-
tated say 150° thus causing the lever 356 to swing to the
right to.a position at which the spring 358 will cause the
rocker 362 to snap to the left. - Since the point 360 of the
cam now engages the point 384 .of the rocker 362 the rock-
er is:stopped at approximately its horizontal position as
seen in Fig. 2 but the spring is urging it counterclockwise
and after the cam has rotated about 30° more to the right
to complete a half revolution the point 384 will fall off
of the.cam point 369.and the rocker will continue its move-
ment to the left thus closing the suction valve 378 and
opening the liquid valve 367 to cause hot high pressure
liquid refrigerant to flow through the chamber 380 and
the tube 285 to the evaporator 214 while vapor is with-
'drawn from the now active evaporator 216. These cycles
as described will continue with ' substantially constant
periods  of ice-making, thawing off with hot liquid and
pumping out of liquid in each evaporator so long as the
COMPressor - removes: vapor at .a substantially constant
rate measured by volume while the expansion valve holds
evaporator pressure within the desired operating limits.
As in my United States Patent No. 2,497,903, the lengths
of the operating periods will ‘be substantially constant
even when there is a marked change of evaporating pres-
sure during each cycle as such change of pressure fol-
lows a substantially constant curve and the result is a
substantially constant number of turns of the pinwheel
324 in a given period of time when this time period
spreads over a main portion of an average ice-making
period.

As noted above, the suction valves 318 '‘and 378 are
normally opened by gravity except when held closed by
high side pressure, thus when an evaporator approaches
the end of its pumping out period, the pressure in that
evaporator drops to only a few pounds p. s. - greater than
that of the still: active -evaporator and the valve drops
by-its own weight. The seat area and weight of the
valve may be calculated so that the valve opens at the
desired pressure difference representing a pressure which
corresponds to the desired amount of-liquid refrigerant
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remaining in the evaporator which is now to become ac-
tive. This does not mean that pressure is a measure of

_the percentage of liquid refrigerant in a container but it

will be found that with a compressor of a given dis-
placement the inactive evaporator will retain a substan-
tially constant amount of liquid refrigerant at the -time
when its presssure drops to a given point.

Any desired gear ratio may be used between the pin-
wheel 324 and the cam 348 to provide a desired length
of operating cycle for a given density and rate of flow
for suction vapor. It is not necessary to change the
gear ratio to adapt this valve mechanism to a compres-
sor of slightly different displacement per minute or for
use at a different suction pressure. Wide changes can
be made in the speed of pinwheel 324 by twisting its
vanes or substituting a pinwheel having vanes of dif-
ferent pitch or form. In selecting a pinwheel or adjust-
ing vanes for a specific ‘machine, it is preferred to
adjust for a shorter cycle than desired and then make
further adjustment during operation by means of the by-
pass valve 386, so that more less of the refrigerant vapor
flows from the chamber 320 to the suction line 274
without passing through the ports 322. If the bypass
valve 386 is tightly closed the valve mechanism will be
operated at its shortest cycle for a given density and
rate of fiow of suction vapor.,  In such case the valve
386 may be opened occasionally to drain oil from the
chamber 320 if this chamber is not so arranged so as to
drain oil through the ports 322 to the suction tube 274.
By selecting a pinwheel and gear ratio to provide a
very short cycle it is possible to produce very thin ice
which crushes easily. To make thicker pieces of ice or
prolong the freezing period so that two pieces join to
make still thicker disks it is then only necessary to open
the bypass valve to the extent required to effect the de-
sired lengthening of the cycle.

In Figures 1 and 2 the valves 318 and 378 are mechani-
cally actuated in at least their closing direction, but as
explained later in connection with Figs. 4, 8 and 9, the
valves controlling suction ports may be actuated by fluid
pressure, making it unnecessary to provide mechanical
means to actuate the suction valves. This is particularly
desirable where three or more evaporators are incor-
porated in one ice maker. Figure 3 illustrates a modifi-
cation of Fig. 1 to fit a system such as shown by Fig. 8,
but having five evaporators instead of three.

In Figure 3 the valve member 390 may be driven di-
rectly by the gear 346 through shaft 342 which is con-
nected with 390 at its closed end. The radial hole or
holes 392 receive liquid refrigerant from the bore 394
which is open to a chamber supplied with liquid through
tube 282 as is chamber 368 in Figure 1. The valve mem-
ber 390 is preferably tapered and driven from its smaller
end so that the high pressure liquid refrigerant entering
its bore 394 holds 390 tightly seated in the boss 396 which
is a part of the housing enclosing the gear train and the
pinwheel 324. The valves and cam-actuated mechanism
of Fig. 1 are omitted and there need be but one inlet port
for suction vapor so located as to drive the wheel 324.
Any leakage past the rotary valve member 390 goes into
the gear housing which forms part of the main suction
passage, hence no refrigerant is lost. The radial ports
in 396 and tubes connected therewith lead to valves which
will be described later in connection with Figures 8 and 9.

Figure 4 shows another valve mechanism adapted: for
use in place of the valve mechanism of Figure 1. Liquid
refrigerant flows through the tube 282, enters the cham-
ber 402 and passes the open valve 404 to flow through
the tube 406 into the chamber 408 from which it can exit
only through the tube 285 leading to the inactive evap-
orator 214 (Fig. 2). After passing from the inactive
(defrosting) evaporator through the expansion valve, as
indicated by arrows in Fig. 2, this liquid refrigerant evap-
orates in the active evaporator 216 and returns through
the tube 270 to the chamber 410. Due to the fact that
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thére s high pressure liquid refrigérant in the chamber
408-holding’ the ‘valve 412 closed ‘the ‘valve ‘414 is held
opén because-of these two valves beirg rigidly ¢onnected
by the tod 416. The refrigerant vapor cannot flow
through the tube 420 becsuse the valve 422 is closed and
held so by the higher pressure of liquid refrigerant within

the chamber 402. Suction vapor after passing the valve

414 into chamber 424 exits through ‘the main suction
tube 274.

This operation continues while ice is being frozen by
one evaporator and ‘ice is being released from surfaces
associated with ‘the other evaporator. Tn-order to shift
refrigerant flow so as to release the ice formed: by the one
evaporator and start freezing ice-on surfaces -associated
with the other evaporator the magnet 426 -is moved first
to the position 426’ and after a short interval to-the- posi-
tioh 426”. Inside of the casing 428, which is preferably
made of ‘brass or other non-magnetic metal, the armature
430, which is pivoted at 432, follows the movement-of ‘the
magnet carrying with it the rocker 434 -and the valves 404
and 422. Movement of the magnet to the position 426’
allows the valve 404 to close while the valve 422 remains
closed. ‘In'this position there is no flow of liquid refrig-
erant to either of the evaporators -and refrigération -con-
tinues in the evaporator associated with ‘tube 270 ‘while
liquid flows to it from the idle evaporafor cornected with
tube 285,

This “pumping out” portion of the cyéle is ‘timed or
otherwise controlled ‘to terminate when the ‘amount of
liquid refrigerant remaining in evaporator associated ‘with
tube 285, which has just finished its ice-releasing period,
is proper for the start ‘of refrigeration'in it. At this time
the magnet is ' moved from the position 426’ to the posi-
tion 426", thereby opening the valve 422 while valve 404
remains closed. This allows the high pressure liquid ‘re-
frigerant in the chamber 402 to flow through the tube
420 with such force that the flufed end 436 of the rod
416-is moved to the right causing valve 414 to close snd
valve 412 to open. The réstriction at this fluted portion
of'the rod, shown in Section in Fig. 5, is considerable with
respect to the high rate of liquid flow at the instant of
opening of valve 422 but is not sufficient to interfers with
the normal rate of flow maintained during an ice-making
period. The flutes in 436 will ‘naturaily stop ‘short of
valve 412 and ‘414 hence the liguid passage is ‘néarly
closed when the valve is open. We now ‘have high- pres-
sure liquid refrigerant within the chamber 410 holding
the valve 414 tightly closed agsinst its seat 438 while
valve 412 is securely held away from 'its seat 440.

‘Refrigerant flow after reversal as above deéscribed is
from the tube 282 past the open valve 422 through ‘the
tube 420 to tube 270 and ‘through the evaporator with
which it connects, which is thereby heated, to the expan-
sion ‘valve, from which it flows at reduced pressure ‘into
the ‘evaporator which is now active, returning through ‘the
tube 285 to the chamber 408, from which it ‘can énly
flow past the valve 412 because of valve 404 being closed.
Suction vapor now flows‘through the chiamber 424 to the
main suction tube 274 which leads back to the "COMpreés-
sor. At the end of this ice-making period the fagnet 426
is moved from the position 426" to the position 426’ and
then back to the original position 426, which brings ‘us
back to the starting point. The Thagnét 426 is pivoted
externally of 402 on extensions of the pivot 432-and may
be moved manually or by means of a suitablé mechanism
connected with the pin 442. ‘

Figure 6 represents a solenoid valve which may be uséd
in place of the liquid valve assembly shown in the upper
portion of Figure 4. Such a solenoid valve Iacks the fea-
ture of closing both liquid passages for the pumping out
period, hence it is preferred to substitute two single-acting
solenoid valves as shown in Figure 7, where the valve 452
corresponds-to valve 422 and valve 454 corresponds to
valve 404, Suitable switch-mechanism actuated: thermo-
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statically, by pressure-changes or by clock mearis ‘may be
used 'to -produce ‘the same effects ‘as the above-described
movemeits of the ' maghet 426. Any required number of
solenoid valves, one for each -ice-maker evaporator, may
be -matifolded together as in Fig. 7 to control systems
such as seen in Figure 8. ) )

‘Thus far I'have desciibed the use of my valve mecha-
nism in connection with systems having two evaporators
with ‘only one evaporator active most of the time, but in
larger-systems it is desirable to employ several evapora-
tors, -each ‘associated with an ice-making tank, This
allows several evaporators to be active in making ice
while ‘a smaller number, usually only one, is heated to
réledse-ice. -Such an ‘arrangement is shown in Figure 8.
Two of the three evaporators 460, 462 and 464 are active
in-freezing ice while the third one is heated by high pres-
sure liquid refrigerant for ‘the purpose of releasing ice.
In Figure 8 the arrows indicate Tefrigerant flow, showing
liquid entering the manifold 466 from tube 282. Since
valves 470 and 472 are closed this liquid can only flow
through the valve 474 and thence only through the valve
476 into the evaporator -coil 462. The valves 474 and
476 are seen in Fig. 9 in enlarged section in their respec-
tive positions as required for flow as traced above. At
this time a similar view of valvés 470 and 478 or of
valves 472 and 480 would différ as follows:

Solenoid 482 would not be energized, thus allowing
valve 484 to close and stopping flow of liquid to the valve
assembly 476, 478 or 480, as the case may be. This re-
duces the pressure in chamber 488, thus allowing the
valve 490 to drop so that the corresponding evaporator
460, 462 or 464 is connected with the suction manifold
492 and thereby to the main suction tube 274, which
leads to the compressor 275. High pressure Tefrigerant
vapor flows from the compressor into condenser 277 and
liquid ‘condensed therein collects in receiver 278 to feed
tube 282. ; o

Considering Figure 9 as applied to the evaporator 462
near the end of its ice-releasing. period, when the sole-
noid 482-is deenergized, its circuit being broken by suit-
able control means 483 responsive to the release of ice, to
a temperature rise or to the lapse of ample time for ice
to have released, the valve 484 will close. The liquid
refrigerant within -evaporator 462 continues to feed evap-
orators 460 -and 464 through their respective expansion
valves 496 until such time as the pressure within the evap-
orator 462 falls to ‘nearly the operating pressure main-
tained within the manifold 492. At this point there-is
very little pressure difference across the valve 490 and
therefore it will open due to its own weight, whereupon
flow will be reversed in the evaporator 462 and vapor
will flow therefrom into the header 492 and thence to
the suction tube 274. Simultaneously liquid will flow from
the manifold 494 through the expansion valve 496 of
evaporator 462 causing it to resume refrigeration and
thereby the formation of ice. We now have all three
evaporators actively cooled, but soon-one of the other
evaporators 460 or 464 will start the ice-releasing portion
of its cycle in response to closing of the switch which
energizes the solenoid 482 of its liquid valve 470 or 472.
In case much time elapses between successive defrostings
the header 494 is enlarged to store liquid, but in larger
multiples the defrostings overlap. )

Referring back to Fig. 3, this one valve, driven by the
gear train and pinwheel of Fig, 1, may be used in place
of five solenoid valves such as 470, 472, and 474 of Fig. 8
and 474 of Fig. 9. 1Tt delivers high pressure liquid ‘re-
frigerant to -one or more of five tubes 486 at a time.
Each tube 486 leads to-a valve assembly 476 as in Fig-
ure 9. This would serve five evaporators in place of the
three seenin Figure-8. It is possible to use this arrange-
ment of valves for any number-of ice-making evaporators,
either-driving the valve'member or members 390 (Fig. 3).
with-energy derived from vapor flow or ‘by other means,
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Tn connection with this arrangement attention is called
to the fact that when one evaporator is being defrosted
and say three evaporators are active all of the liquid re-
frigerant ‘for the active evaporators is flowing through
the one being defrosted, hence it causes ice to release in
much less idle time.

An optional method of actuating the valve 390 or a
switch ‘to control valves 484 is to rotate the valve or a
rotary switch by means of a ratchet device and d bellows
responsive :to temperature changes on the order of dis-
closures in my United States Patent No. 2,145,777 issued
January 31, 1939. Such a bellows would be connected
with a number of bulbs corresponding to the number of
evaporators in the ice maker. - The charge of volatile
fluid would be such that all but the warmest bulb. are
filled with liquid. Each bulb is located adjacent to an
ice-making area associated with one of the evaporators,
preferably the last area from which ice is released. As
this bulb is warmed up to a temperature which assures
that all ice has been released from the surfaces served
by that evaporator the ratchet wheel is moved to its next
position, shifting the valve 390 to its mext position to
cause high pressure liquid refrigerant to flow into the next
evaporator to release its ice.

The rotary valve of Fig. 3 is preferably so designed
that only one evaporator. is flooded with hot liquid re-
frigerant at one time, though it is permissible to have
these defrosting periods overlap to some extent so that
two . evaporators are defrosting simultaneously during
short periods. - When a single ice maker of large capacity
is equipped with more evaporators than can be handled
by defrosting them one at a time and it becomes neces-
sary to have several of them defrosting simultaneously
the control may be made responsive to only a part of the
evaporators and be arranged to shift two or more of them
at a time. Another way to arrange the control -of such
a large machine is to connect two OI more evaporators
in parallel to each of the valves 476 :(at tube 462 of
Fig. 9) thus the two or more evaporators so connected
will be defrosted simultaneously. Each solenoid 482 can
be controlled by one evaporator of said two or more, of
if the valve of Fig. 3 is used the number of radial outlets
need only be equal to the number of valves 476.

While Figure 8 shows three expansion valves 496, it
will be understood that a single expansion valve will serve
with the addition of one more check valve for each evapo-
rator on the order of my disclosure in United States ap-
plication Serial No. 109,942, now Patent No. 2,672,017,

filed August 12, 1949 and Fig. 4 of my U. S.-application 3

Serial No. 174,944. 1In this case each evaporator 460,
462, and 464 would have the outlet of the expansion valve
leading to it through a check valve and the inlet of the
expansion valve connected with three check valves, such
as 498 of Figure 8, one allowing flow from the same end
of each evaporator to the inlet of the expansion valve,
The opposite end of each evaporator would connect with
a valve 476, as in Fig. 8.

I claim:

1. In an automatic ice maker, a plurality of evapora-
tors, means forming a suction passage for flow of re-
frigerant vapor from- said evaporators, rotary means ac-
tuated by the flow of said vapor for controlling flow of
refrigerant liquid to said evaporators, and means for
controlling flow of refrigerant vapor from said ‘evapo-
rators, the said two means being mechanically intercon-
nected to- effect the stoppage of liquid flow tc one of
said evaporators prior to the start of vapor flow from said
evaporator, thus causing: the liquid content of said evap-
orator to be reduced prior to the start of its next period
of active operation as an evaporator.

2. In a refrigerating system, having a main suction con-
duit and a main lignid conduit, a plurality of heat ex-
changers each arranged fo serve at one time to evaporate
refrigerant at low pressure and at another time as a heat-
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ing device heated by high pressure refrigerant, ‘means for
modifying the path of refrigerant flow in said system to
cause said heat exchanger to shift from one to the other
of said functions, the last said means including power
actuated valve means for stopping the flow of high pres-
sure refrigerant to- one of said heat exchangers which is
being heated while allowing refrigerant liquid to con-
tinue flowing from it to evaporate in-another evaporator,
and additional valve means actuated in response to-a drop
of pressure in said one heat exchanger to open its outlet
io said suction conduit at a predetermined difference of
pressure between said one heat exchanger and said suc-
tion conduit, thus causing the¢ heat exchanger to start
functioning as an evaporator.

3. In a refrigerating system, an evaporator having an
outlet for refrigerant vapor, a suction conduit connected
with said outlet, a high pressure refrigerant conduit, valve
means controliing flow of refrigerant from said high pres-
sure conduit to said outlet, and valve means for stopping
refrigerant flow from said outlet to said suction conduit,
the last said valve means being closable by flow of high
pressure refrigerant caused by the opening of the first said
valve means, and remaining closed until after the liquid
content of the evaporator has been substantially reduced
whereupon it opens.

4. In an ice-making system, a plurality of cvaporators,
means for defrosting one of said evaporators by flowing
high pressure liquid refrigerant through it to be expanded
in an active evaporater, means for stopping flow of said
liquid to the defrosting evaporator, and control means for
restarting the ccoling of said defrosting evaporator as a
restlt of its liquid content and therefore its internal pres-
sure being reduced to a suitable condition for such re-
starting.

5. In an automatic icc malker, a refrigerating system
including a plurality of evaporators connected in parallel
to the low pressure side of said system, means for ad-
mitting high pressure liquid refrigerant to ome of said
evaporators at its normal outlet end, and valve means
responsive to the admission of said liquid to stop flow
from said evaporator to the low pressure side of said
system.

6. In a refrigerating system adapted to circulate a vola-
tile refrigerant within itself, valve means including a plu-
rality of valves arranged to control fluid flow between
separate portions of said system and thereby divide the
system into high and low pressure sections, a plurality of
evaporators of which any one may be connected in a high
pressure or a low pressure section of the system according
to which of said valves are closed, a fluid-driven motor
within said system arranged to be actuated by refrigerant
flow, and a power transmission mechanism connected with
said motor to operate said valves in a sequence to first
close a valve which stops flow of high pressure refrigerant
to one of said evaporators while refrigerant continues to
flow from it to a low pressure section of the system and
after a material reduction of the refrigerant content of said
evaporator to open another valve which allows flow of
refrigerant vapor from said evaporator to a low pressure
section of the system.

7. In a refrigerating system having high and Jow pres-
sure sections charged with a volatile refrigerant, two or
more evaporators, valve means for regulating the. flow
of said refrigerant to cause one of said evaporators to be
defrosted by being filled with high pressure refrigerant
in its liquid phase while liquid refrigerant flows from it
to an. active evaporator, then to stop the flow of high
pressure refrigerant to said one evaporator while allowing
liquid refrigerant to continue flowing therefrom into the
low pressure section of said system, and then to open
said one evaporator for vapor flow therefrom to the low
pressure- section of said system after a considerable re-
duction in its liquid content.

8. In a refrigerating system charged with a volatile
refrigerant, an evaporator, means forming a chamber
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having three ports of which a first one is connected with
said evaporator, a suction conduit for vapor flowing from
a second port of said chamber, a high pressure refrigerant
conduit carrying liquid to the third port of said chamber,
a valve adapted to close said second port, a valve con-
trolling flow from said high pressure conduit to said
evaporator for the purpose of defrosting it, and means
actuated coincidentally with the starting of flow of high
pressure refrigerant to said evaporator when the second
said valve is opened to close the first said valve, said
means also acting to close the second said valve and to
provide for the later re-opening of the first said valve
whereby the evaporator is caused to resume normal op-
eration after being defrosted.

9. In a réfrigerating system charged with a volatile
refrigerant, an evaporator, a 3-way fitting having one port
connected with the vapor outlet of said evaporator, a
_suction conduit leading from a second port of said fitting,
a high pressure refrigerant conduit connected with the
third port of said fitting, a valve adapted to close said
second port, a valve in said high pressure conduit, means
actuated in time with the flow of high pressure refrigerant
to said evaporator when the second said valve is opened
to close the first said valve, a second evaporator in said
system arranged to be fed with liquid refrigerant from the
first said evaporator while the first said evaporator con-
tains high pressure refrigerant, and means acting to hold
the first said valve closed until flow of liquid from the
first said “evaporator has reduced its liquid content and
pressure to a point suitable for resumption of its opera-
tion as an evaporator.

10. In a refrigerating system employing a volatile re-
frigerant, a plurality of evaporators, means forming a
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suction passage leading from a first one of said evapora-
tors, a check valve located between said first evaporator
and its suction passage, said check valve being closable
by movement in the normal direction of flow from said
first evaporator to said suction passage and biased in its
opening direction during at least the active periods of
said first evaporator, means for defrosting said evaporator
by filling it with refrigerant at a higher pressure than
usual and coincidentally closing said check valve, and
control means for regulating the flow of said higher pres-
sure refrigerant to a second one of said evaporators for
evaporation therein while flow of refrigerant to the first
evaporator is stopped, thereby bringing the refrigerant
content of the first evaporator down to a normal quantity
and reducing its pressure so that said check valve re-
opens to resume cooling of the first evaporator,

References Cited in the file of this patent
UNITED STATES PATENTS

1,976,204 Voorhees — . _______ Oct. 9, 1934
2,145,774 Muffly <o __ Jan. 31, 1939
2,359,780 Mufly Oct. 10, 1940
2,368,675 Muffly oo Feb. 6, 1945
2,407,794 Muffly . Sept. 17, 1946
2,444,514 Kubaugh —______._______ July 6, 1948
2,448,454 Mufly - __ Aug. 31, 1948
2,486,608 MacDougall . ______.___ Nov. 1, 1949
2,497,903 Muffly . Feb. 21, 1950
2,542,892 Bayston .. .__________ Feb. 20, 1951
2,590,499 Braswell _._____________ Mar. 25, 1952
2,654,227 Mufly . ___ Oct. 6, 1953
2,672,016 Mufly Mar. 16, 1954
2,672,017 Muffly Mar. 16, 1954



