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The present invention relates to refrigeration,
the instani disclosure reing & continuation-in-
part of my copending application, Serial Num-
ber 49,397, filed September 15, 1948, nOW aban-
doned. More particularly, the invention relates
to o refrigceration method and system in which
volatile refrigerant is evaporated and then con-
densed to obtain the desired refrigerating e ecy.

Refrigerating systems of the kind here coil-
templated are generally provided withh an evap-
orator in which low pressure liquid refrigerant
vaporizes and absorbs heat in the process; with
5 compressor in which low pressure vaporized
and heat-laden refrigerant 1s compressed 1o In-
crease its pressure to a value corresponding to &
saturation temperature well above normal atmos-
pvheric temperature; with a condenser in which
high pressure vaporized refrigerant rejects to the
ambient medium and reverts to a liquid state;
and with a pressure reducing device in which
the high pressure liquid refrigerant is subjected
to an expansion process effective to bring the
refrigerant down to the low evaporating pres-
sure and temperature.

Tn the expansion process, the pressure of the
liquid is lowered and part of the ligquid evap-
orates into gas, known as flash gas, the heat of
vaporization required to produce this flash gas
removing heat energy from the refrigerant and
leaving the remaining liquid refrigerant in a con-
dition in which it can absorb heat energy in the
evaporator. The flash gas produced has no fur-
ther value as refrigerant, since it has already ab-
sorbed its heat of vaporization, and it is advan-

tageous that such flash gas be removed from the ¢

refrigeration system at the point of expansion
-nd before it can enter the evaporator. It is
thence returned to the compressor where it can
be recombined with the remaining refrigerantc in
the refrigerating system. -

wor the simple refrigeration cycle outlined
above, the work of combpression, which is the only
work input required, increases as the difference
netween the evaporation and condensation pres-

sures of the refrigerant increases. This pressure :

vance is fixed, for the useful portion of the re-
frigerant, by the prevailing cperating conditions,
hut I have discovered that a possibility of hetter-
ing the performance of the system lies in reduc-

ing the pressure range of that portion of the re~ &

frigerant which becomes flash gas during the ex-
pansion process. Formation of flash gas begins
o5 soon as the expansion of the refrigerant starts.
When the pressure has dropped a finite Incre-

ment, a finite fraction of refrigerant has become :

10

2

saturated vapor and is therefore no longer capa-
ble of providing a refrigerating effect. If it were
possible to extract this vapor and recompress it
immediately. the required work of compression
would be much less than is the case when the
vapor is first expanded and lowered in tempera-
ture to the final evaporator pressure and temper-
ature, and then is recompressed through the en-
tire pressure range of the system. If the vapor
formed after the first finite interval were extract-
ed, then the remaining liquid could be further
expanded and the resulting flash gas again re-
moved, and this process, by adjusting the pres-
sure range to be covered In each partial expan-
sion, could be repeated as often as desired before
reaching the final evaporator pressure. |

As will be seen, from the foregoing discussion,
the average pressure range over which the flash

 gas must be recompressed will be smaller, the

to
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30

49

greater the number of expansion increments, or
stages: and, in the limiting case, sald average
pressure range will be smallest with an infinite
number of stages, which corresponds to a con-
tinuous removal of flash gas. Such a continuous
removal of fash gas would therefore require the
teast work of compression, thus yielding the most
efficient operation of the refrigeration system.
It has been found impractical to increase the
number of expansion increments, or stages, to
more than two or three, due to the prohibitive
increase in equipment necessitated by such an
increase in the number of stages. The removal
of flash gas, by an infinite number of discrete
stages, as hereinbefore outlined, is, of course, im-

practical (see Pages 47 and 48, “Refrigeration and

Air Conditioning,” B. F.. Raber and F. W. Hutch-
inson, Wiley, 1945). -

‘It is a feature of the present invention that
there is effected continuous removal of saturated
vapor flash gas formed in the transition from
high pressure to low pressure refrigerant.

1t is a primary object of the present invention
to provide a method and apparatus for removing,
in the most efficient manner possible, flash gas
formed during a refrigeration cycle. P
Tt is a further object of the present invention
to increase the coefficient of performance of a
refriceration system to a value considered im-
possible of attainment heretofore. | -

It is still another object to increase the coeffi-
cient of performance of a refrigeration system,
while, simultaneously, reducing the volumetric
capacity of the compressor required to give a
predetermined amount of refrigeration. |

These and other objects of the invention, and -
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the manner in which they are attained, will be
more fully understood from the following descrip-
tion and with reference to the accompanying
drawings in which: |
Figure 1 shows a conventional pressure-
enthalpy diagram, well known in thermodynam-

ics and illustrating the thermodynamic per-

formance of an ordinary, simple refrigeration
system; |

Figure 2 shows a conventional pressure-
enthalpy diagram, illustratineg the thermody-
namic performance of an ordinary, multi-stage
refrigeration system;:

Figure 3 shows a conventional pressure-

enthalpy diagram, illustrating the thermody-

namic performance achieved by the apvaratus of
the present invention:

Figure 4 represents, somewhat diasrammati-
cally, a refrigeration system embodying the pres-
ent invention; |

Figure o illustrates, on an enlarged scale, a por-
tion of a control mechanism used in the system
shown in Figure 4; and -

Figure 6 is a further, somewhat disgrammatic
representation illustrative of a refrigeration sys-
tem comprising an alternative embodiment of the
present invention. |

Now making more detailed reference to Figure
1, lines a—a’ and b—>b’, respectively, represent
the saturated liquid and saturategd vapor lines

of a volatile refrigerant such as dichlorodifiuoro- .

methane (Freon 12). Point ¢ indicates the state
of a pound of the refrigerant upon issuance
irom the condenser of a simple refrigeration SYS~
tem of the type previously described, and point
e represents the state of said refrigerant after
constant enthalpy expansion along line c—e, as
is- usual. In the course of thig expansion, the
rormation of flash gas causes a reduction of the
available heat capacity per pound (represented
graphically by line f—s), of the refrigerant, by the
amount represented graphically by the line f—e.
This is not due only to the formation of the vol-
ume of flash gas which is unavoidably associsied
with an expansion such ss the above, but also due
to the fact, that since no flash gas is removed
until the completion of the expansion, those por-
tions of the flash gas which are formed in the
early part of the expansion must further be
cooled during subsequent eXpansion, and thus
cause a still further reduction in the heat ca-
pacity originaily available per pound of refrig-
erant. The liquid refrigerant, which 18 some-
times separated from the flash ga5s, IS passed
chrough the evaporator, changing its condition
along line e—s. Both flash gas and refrigerant
are then recompressed along line s—i, necessitat-
ing an expenditure of work per pound which, in
terms of heat units, is equal to the projection
$'—d’ of s—d cn the enthalpy axis. The com-
pressed refrigerant and flash gas are then re-
turned through the condenser to state ¢ and the
cycle is ready to start again. - |
- With reference to Figure 2, it will now be seen
that if the flash gas formed aduring that portion
0f expansion c—e denoted by segment c—1, is re-
moved in the state described by point I, this flash
gas can be recompressed to the initial pressure
condition along line si—di, which corresponds o
a Smaller expenditure ¢f compressor work per
pound of flash gas than would have been required
had this aforementioned portion of flash gas been
permitted fo expand to the final evaporator pres-
sure represented by point e. The refrigerant re-
maining, after removal of the flash gas at point
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I, 1s now again a saturated liquid in a state de-
scribed by point i and can now proceed to ex-
band again at constant enthalpy, which will bring
it, this time, to the state described by point m.
Then, only the flash gas formed during expan-
sion —m need be removed at this time and re-
compressed over: the tatal pressure range along
line s—d, together with the evaporated refrig-
erant which provides the useful refrigeration.

Having shown that the work per pound needed
t0 recompress flash gas along line si—di (repre-
sented by the projection si'—di’ of si—di on the
enthalpy axis) is smaller than the work per
pound needed to recompress flash gas along line
s—a. (represented by the projection s’'—d’ of s—d
on. the enthalpy axis), it now follows that the
average work per pound required to recompress
all the flash gas formed during the cycle of Fig-
ure 2 will be less than that required to recom-
press all the flash gas formed during the cycle
of Figure 1. An additional saving in the cyele
of Higure 2 will result. from. the fact that no flash
gas need be formed, during expansion i—m, to
effect further cooling of flash gas previously
formed during expansion ¢—I. Thus there exists
o greater heat. capacity available per pound of
refrigerant at the final pressure, the increase be-
ing represented by segment e—m of Figure 2,
and which increase raises the heat capacity avail-
able from an amount represented by s—e, to an
amount denoted by the line. s—m. .

migure 3 illustrates: what occurs, in this $her-
modynamic refrigeration cycle, when the num-
er of stages of expansion and flash gas removal
is actually, or effectively, increassd to infinity.
£s shown in Figure 3, the exXpansicn line c—e
then follows an isentropic, or reversible adiabatic.
This can be explained as follows: It is physically
impossible to increase the number of discrete ex-
cansion stages to infinity, therefore alternative
means, hereinafter described, are used to aceom-
nlish the equivalent effect, namely the continuocus
removal of flash gas immedaitely upon its formsa-
tion and at the pressure at which i$ is formed.
if, then, each infinitesimal amount of flash eas
is removed as soon as it is formed, cooling thereof
will not be required, as would have been the case
nad it been permitted to remain in the system
during subsequent expansion, and the expansion
necomes g reversible adiabatic process as herein-
heiore stated.

Comparative consideration of Figures 2 and 3
might, at first sight, lead to the erroneocus con-
clusion that, if the expansion of Figure 3 is the
same as the expansion of Figure 2—with the
nuraber cf stages carried to infinity as a limis
and, conversely, the size of each siage reduced
t0 an Infinitesiimal decrement—then the ling in
igure 3, showing that expansion, should coingide
withh the saturated liquid line ¢—a’. The error
of this conclusion can readily be sesn if it is re-
cailed that if is the practice in thermodynamica
{0 draw dlagrams, such as Figure 2, using the re-
irigerant in the initial saturated liquid state as
& base of reference. This means that zi point
t of Figure 2, 2 new reference has been introduced,

-namely the quantity of liquid refrigerant remain-

ing in vhe system at that pressure and after
having subtracted the flash gas previously formesd.
3018 remaining liquid will form more fash gas
during expansion i—m, losing a portion of its
available heat capacity in the precess. Thus, in
Flgure 2, the proportion of liguid and flash gas
denoted by point m refers to the original guan-
tity of refrigerant present at point i, while the




2,628,478

5

proporticn denoted by point I refers to the larger
original quantity of refrigerant denoted by point
c. 'This same reasoning must be applied 1o Figure
3, where each proportion indicated by any point
on line c—e, must be referred to the original total
quantity of refrigerant. In short, it must be
horne in mind that Figures 2 and 3 are conven-
tional graphical representations of the thermo-
dynamic changes in the respective processes, and
the showings of said figures are guife independent
of any physical apparatus employed to effect these
changes. | |

The average pressure range, shown hy line
sav—=07av of Figure 3, over which such continuously
removed Aash gas must be recompressed, will now
be smaller than that which could be obtained
with any finite number of stages and, in addi-
tion, the heat capacity of the low pressure liguid
refrigerant will be highest, since no cooling of
flash gas takes piace. |

The former of these two effects, namely the
decrease in average pressure range, makes pos-
sible the decrease in compression work, and the

e

1atter, namely the increase 1n heat capacity

availability, makes possible the reduction in vol-
ume of refrigerant needed to produce a certain
amount of refrigeration and, thereby, reduces the
volumetric capacity and cost cf the whole systeim.

The advantages of a method of removing flash
gas continuously and as soon as it is formed are
hence twofold. First, only as much flash gas is
formed as is necessary to lower the refrigerant
pressure and temperature to the values required
by operating conditions and, secondly, that flash
oas is removed in the manner requiring the least
possible work, namely at the pressure at which
it is formed. S

The terms used in the foregoing analysis are
well-known in the field of thermodynamics and
accordingly, no further explanation is deemed
necessary here. If a further clarification is de-
sired, reference may be had to “Refrigeration and
Air Conditioning Engineering,” B. F. Rabor and
™ W. Hutchinson, Wiley, 1945.

- Referring now to Figure 4, there is dlagram-
matically illustrated a refrigeration system which
comprises g preferred embodiment of the present
invention. |

The system includes a conventicnal compressor

{8, a conventional condenser if, and a receiving *

renk 12, containing a horizontally hinged mer-
cury pool switch i3. The compression side of
compressor 18, the condenser {1 and the receiv-
ine tank 12 are connected by refrigerant flow
conduits. The system further comprises refrig-
erant flow conduits of substantially non-restric-
tive dimensions connecting receiving tank 12 to
apn  insulsted expansion tank or chamber {4
through a valve 15, and refrigerant flow conduits
jeading from insulated expansion tank 14 to the
top header of evaporator {6 through a valve 11.
The tank 14 is preferably of such a nature that
it is of low thermal mass, in order that the heat
Joss therein will be negligible.

Mercury switch 13 is connected to control
means such as & solenoid (not shown) designed
to operate valve 15 in a manner described below.
Further means are provided, such as temperature
sencitive bulbs 18 and 19, for debecting differ-
ences in refrigerant temperature between the in-
put of evaporator 18 and the output of expansion
tank I8, said means being connected to a control
20 arranged to actuate valve {7 in the manner
described in defail below.. |

10

15

20

25

&0

b |
iy |

60

70

75

- 6

The suction port of compressor {0 is connected
to an opening near the top of expansion chamber
{§. This compressor connection is effected by
way of a refrigerant conduit 22 of substantially
non-restrictive dimensions. The reason for this
arrangement will become apparent from the de-
tailed description of its operation.

A temperature sensitive cycle switch control
bulb 23 is placed at the output of evaporator 16,
to initiate and control the operation of compres-
sor 10 in response to the temperature of the
evaporator. This latter cycling control is comn-
ventional and, for the purpose of the present in-
vention, no further deseription or illustration is
necessary. |

To obtain an understanding of the operation
of the system, let it first be assumed that the
system is at rest, the compressor, and other coml-
ponents not having recently been in operation.
The ambient temperature and the temperature of
the system itself are, of course, considerably In
éxcess of the temperature necessary to cause con-
trol bulb 23 to start.the compressor 10 through
conventional relays (not shown). When the
compressor begins operation, valves 1§ and I7 are
both closed, as will become evident from the sub-
sequent discussion. | o

At this time the refrigerant is dissolved in the
compressor oil, except for such refrigerant as
still exists in the gaseous state throughout the
remainder of the system, the pressure of the dls-
solved refrigervant being equal to the pressure of
the gaseous refrigerant. | S |

Tn operation, the compressor distills refrigerant
from the oil in which it is dissolved and forces
it into condenser {1, where it is condensed into
liquid refrigerant at a high pressure and tem-
perature as represented thermodynamically by
that portion of the process shown graphically by
line d—c of Pigure 3. This distillation reduces the
nressure of that portion of the refrigerant re-
maining dissolved in the ¢il, and operation of the
compressor simultaneously reduces the pressure
of such a small quantity of refrigerant as exists
as vapor in tank {4. | | |

The liguid thus formed begins to fill receiving
tank {2. The horizontally pivoted mercury
switch 13, located inside this tank, is so connected
that rising of the liquid above a certain level

causes an electrical contact to be made which 1n

turn causes actuation of solenoid operated
valve 158. S - |
Since substantially no liquid refrigerant exists
in the system, until this initial filling of tank 12,
switech 13 will evidently have heretofore main-
tained valve {5 closed, .as hereinbefore .stated.
The switch is so arranged that it will permit out-
flow of refricerant through valve 15 until a level
is reached in tank i2 which is very much lower
than that at which the switch makes contact.

Switch 13 then breaks contact and solenoid oper-

ated valve 15 closes, permitting renewed filling of
receiving tank 2. The delayed opening of mer-
cury switeh {2 may be accomplished In any de-
sired manner. For example, switen {3 may be
constructed as shown in Figure 5, and comprise a
horizontally pivoted float 24 with a ridge 25 sepa-
rating the high-buovancy section 26 from thecon-
tact section 27 and containing mercury pool 25
snd normally open contacts 29 connected by leads

$0 an external source (not shown) of eleciric pso-

tential. When the liguid level denoted by rei-
erence numeral 38 rises to a predelermined
height, section 26 also rises. about pivot 8! and
some mercury spills over ridge 25 into contact




Y
eeetle:n ¢1. Since the cohesion of mercury.is
24 ee’ter than its adhesion, evbstantlell,,r all the
mereury— is drawn into contact section 27 and an
eleetl ical path is eetebhehed between contacts 28,
with the resulis herembe:.ele described. When
the ll(.‘;llnd level 20 falls, on the other hand, the
ridge 28 prevente the mercury from 1eturmng Lo
section 26, and thereby opening contacts 29, until
the liquid level has. fallen to a predetermmed
levf level, thus permitting valve 15 to remain
cpen until tank 2 has been substantially emptied

2.8 herembefore described.

Reeelvmo* tank 12 will, in most eemmel cially
practicable systems, be located in a strrounding
medium which is at the same ambient temper-
ature as the medium surrounding condenser 1.
Since the refrlgere.nt temperature drop due fo
‘heat exchange. through the conduits eonﬂeetmg

10

condenser |4 and tank 12 will, in most cases, be

DI’ELCT:IC&HJ 1 egllglble for the foregoing implies :

that the temperature of the refrigerant in tank
12 will, ordinarily, he higher than that of the

surrounding medium. In that case, receiving
~ tank 12 should be umnsuleted as shown in Fig-

ure 4, in order to take edventege of the f avorable :

heat exchange between the refrigerant in tank
{2 and the Ilower temperature surrounding
medium, and thus obtain further partial cooling
of the hot refrlgeren+ If receiving tank 12
ehould be located in a sux rounding medium which
is at a higher Itempel eture than the temperature
of the refrlgerent as it arrives in the tank, then
it would, of course, be advantageous to insulaie
tank 12, to prevent the refrigerant from being un-
neeeceenly heated by the surrounding medium.
The opening of valve i5 permits the high pres~
sure refrigerant to flow out of receiving tank {2
and into expansion chamber (4, still at substan-
tially the same high pressure and temperature,
but the refrigerant is prevented from reaching
evaporator 16 by closed valve I7. The operation
of valve 17 is controlled by temperature sensitive
bulbs 18 and 19 which are connected to opposed
- bellows which, in turn, actuate a conventional
. system of levers generally designated by reference
- numeral 20 and arranged to open and close valve
17, as follows. Bulb {8 is gas charged at 20° F.
and bulb 19 is gas charged at 55° F., and the
bellows and mechanical linkages 28 are so ar-

‘ranged that valve (7 is closed when the tempera- .

ture at bulb 19 exceeds the temperature at bulb
{8 by 30° F., or more, and open when the tempera-
ture at bulb {8 exceeds that at bulb {8 by 5° F. or
less. Such arrangements are well-known in the
art and require no further discussion here. The
temperature differentials listed above are not
critical, but merely indicative of a preferred set
of conditions. Since the normal room tempera-
ture is assumed to be higher than 55° P, the ef-
fective 35° temperature differential between bulbs
I8 and {9—created by gas. charging thereof—is
sufficient to keep valve (7 initially closed, as here-
inbefore stated. The high-pressure 11qu1d in tank
{4 is now confined by closed valves (5 and 17, its
only remaining communication with the other
- elements of the system being by way of conduit

22, which leads directly to the suction port of

- compressor 8. FEach successive suction stroke
0f compressor {8 will then result in the creation
of a pressure differential between tank 14 and the
COMpPressor eyhnder ThlS, in turn,
the formation and removal at the pressure of
formation, of a given incremental volume of gase-
ous refrigerant, or flash gas, from tank (4. For-
mation of gach such vc-lume of flash gas results

will cause
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taken place.

- 8
in cooling of the. remaa.mng pertmn ef liquid re-
frigerant in tank 14. -

This process of decreasing the pressure of the
refrigerant, forming flash gas and ther eby cooling
the liquid refrigerant, but (and importantly) re-
mevlng each increment of flash gas to the Com -
pressor as soon as such fiash gas is formed, con-
stitutes the fundamental process of the present
invention.

From the foregoing, it is clear that evacuation
of gaseous refrigerant from tank (4 will proceed
at a rate determined solely by the gradual reduc-
tion of pressure in tank 14 due to the operation of
the compressor 18 and entirely independently of
the pressure conditions anywhele else in the
syetem

When the refrigerant in tank 4 has been
cooled to Wlthm 5° P. ef the tempereture at which
bulb {8 is gas charged, this difference in tempera-
ture between bulbs 18 and 19 will be sensed and
control 20 will operate to open valve {1, Since
the refr1gerent in tenk 14 is now still at a higher
pressure than any refrigerant in evaporator
{6—by virtue of the aforesaid 5° tempereture
dliTerentie,l—-—the refrlgerent will flow into evap-
orator i6.

By the simple expedlent of Introducing this
refrigerant into the top header of the evaporator,
as hereinbefore brleﬂy stated, any back-flow of
liquid refrigerant into the expansion tank is pre-
vented, even though the evaporator mayv be
located above the expansion tank.

With the passage of the liquid reference from
tank (4 into evaporator {6, unrestricted com-
munication between the top header of this evap-
orator and the suction port of compressor 10 is
established. This communication is by way of
valve |7 (which remains open for the time heing,
since there exists, as yet, no temperature difer-
ential sensible to feeler bulbs {8 and {9 which
could cause this valve to close), through tank {4.
which is now devoid of llquld refrigerant, and
through conduit 22.

The liquid refrigerant in the evapor ator, now
absorbs heat from the medium to be refrlgere.ted
In the usual manner, becoming vaporized in the
process. Continued operetmn of compressor 18
will then result in the withdrawal of this va, DOT-
ized refrigerant from the evaporator and in de-
livery thereof to the compressor where it is re-

- compressed for renewed delivery to the condenseyr

and recirculation through the system.

To preclude the possibility of delivery of a new
load of hot high bressure reifrigerant to expan-
sion tank 14, which would cause valve 17T to close
prematur ely, thereby preventing successful evac-
uation of the vaporized refrigerant from evap-
orator 16, the system is so designed that, for a
given volumetric capacity of the physical com-
ponents, there is not enough refrigerant available
to enable tank {2 to fill up to its relief level he-
fore substantial evacuation of evaporator 18 has
While many arrangements may be
empioyed which fulfill the preceding requirement,
for the sake of simplicity it may be assumed that
the components are so proportioned that sub-
stantially all the refrigerant in the system is

‘needed to fill tank (2 to a level high enough to

cause valve (5 to open (as hereinbefore Ge-
scriped). This arrangement, as hereinbefore

_.pomted out, prevents the premature admission of
“hot refrigerant to tank i4, thereby preventing the
‘premature closure of valve I7. In addition, there
is, thus, evidently no peeelblllty of tank 2 filling

to a level whieh would cause valve 18 to open be-
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fore expansion tank {4 has emptied into evapora-
tor 16, thereby precluding any possibility of hot
refrigerant contacting, or mixing with cold
refrigerant.

When in steady state operation the closing
of valve 17 is effected by the first sensing by bulb
{8, of the arrival of hot refrigerant from tank
12 which bulb then acts to cut tank 14 cif from
evaporator 16 until said refrigerant is sufficiently
cooled. | |

Figure 8 represents an alternative embodiment
of the refrigeration system of the present inven-
tion. This system is differentiated from the one
shown in Figure 4 in that it has a compressor
32 which can, by means of conventicnal solenoid-
controlled reversing valves, 23, 34, 35, and &6,
acting upon conduits 32a, 34a, 35a ang 36a, re-
soectively associated therewith, be made to inter-
change its suction and its compression sides with
respect $o an externally connected system. It
further has two condensers 37 and 38. It has two
insulated tanks 3% and 40, which are used alfer-
nately as receiving and expansion tanks. It
further comprises valves 41 and £2, acling upon
conduits 44a and 42a, respectively, Whlch connect

a2 single evapcrator 43 to tank 3% and tank 40.
Evapﬁ-mtor 43 is located below tanks 3% and &8,
in order to enable refrigerant to flow from these
tanks to evaporator 43 under the influence of
the force of gravity. One pair of temperature
sensitive feeler bulbs 44 and 45, similar to bulbs
18 and 18 of Figure 4, are arranged to sense the
temperature at the output of tank 39 and in the
evaporator 43, respectively, while another pair
of feeler bulbs 46 and &1, also similar to bulhs &
snd (9 of Figure 4, are placed to sense the fem-
pargture at the output of tank 48 and in the
evaporator 43, respectively. Bulbs 44 and 43
and bulbs 4% and 471 are each connecied to a
pair of opposing bellows and linkages respectively
designated by reference numerals 43 and 49 and
similar to control 20 of Figure 4. Control 48 is
arranged to control the opening and closing of
valve 8! while control 49 controls the operation
of valve 42, Bulbs 44 and 46 are gas charged at
55° . and bulbs 45 and 4T are gas charged ab
20° F. Controls 48 and 49 are so arranged as to
close valves £1{ and 42, respectively, when the

temperature at the output of each respective

tank exceeds the temperature in the evaporator
by 30° B, or more, and to open valves 4! and
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23, respectively, when the temperature at the

output of each respective tank exceeds the tem-
perature in the evaporator by 5° F. or less. Thus
each pair of temperature sensitive feeler bulbs
(such as bulbs 44 and 45) cooperates with the
control connected thereto (such as control 48)
to operate the valve associated wiih the control
(such as valve 41) in response to the difference
in temperature existing between the respective
tank and evaporator 43.

A cyeling bulb §0, similar to bulb 23 of Fig-
ure 4, is arranged to sense the temperabuze of
evaperator 43 and to control the operation of
compressor 32 by means of conventional relays
(not shown).

Tanks 38 and 40 are each eqmpped with hori-

zantally nivotegd mercmy pool switches respec-
tively numbered 5 and 52 and similar in con-
struction to the sw1tch illustrated in Flgure 5.
The cet of contacts in each switch is connected
to a source of electric potential (not shown) and
each set of contacts is further connected to a
conventional double-throw locking relay—repre-
sented schema,tlcally by box 53-—-—-111 such 8 man-

60
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“also stored in tank £0.
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ner that closing of one switch throws the rela,y
in one direction and locks it there, until closing
of the other switch releases the relay from that
position and throws it in the 0pp0$1te direction.
Operation of the relay 53, due to the action of
switch 5{, makes suitable electl ical contacts (not
shown), tﬂus energizing the solenoids associated
with valves 33 to 36, opening valves 35 and 36
and closing valves 33 and 34, while operation of
switch 52 causes relay 53 to reverse, making suit-
able electrical connections tc energize solenoids
to close valves 38 and 36 and open valves 33 and
84, 'Thus, effectively, closing switeh 31 connects
tank 89 tothe suction side of compressor 32 while
slosing switch 52 connects tank 40 to the suction
side ¢f compresscr 22. Since relay a3 is of the
locking type, in each position, the first mercury
switch to operate the relay loses control of relay
53 once it has caused it to operate, and only the
other switch is capable-of rev'ersing the relay
pesmon |

To assist fall cem!plehensmn ¢f the operation
of this system, the following detailed description
is presented. The system is assumed to be ab
rest-—the compressor 82 and the other compo-~
nents of the system not having been recently
operated—and valves 83 and 34 having remained
open from the time when the system had last been
operated.  The ambient temperature ang the
temperature of the system itself, are, of course,
considerably in excess of the temperature neces-
sary to cause cyeling bulb 58 to initiate operation
of the compressor, with the result that the com- -
pressor commences operation and the refrigerant
in the compressor is forced into condenser &7
where it is condensed into hot liquid. This hot

liguid refrigerant being at least at the ambient

temperature and therefore at a higher tempera-
ture than is required to c¢lose valve 41, this valve
will close and the hot liquid refrlgerant will
asccumulate in tank 39. When it has reached a
level sufficiently high to tip and close switch 8[—
thereby reversing relay 53 and connecting tank
29 to0 the suction side of compressor 32 as herein-
before described—1flash gas will start to form in
tank 39 and will be removed by compressor 32,
in g manner similar to the formation and removal
of
shown in Figure 4.

Again, removal of flash gas immediately upon
and at the pressure of formation, constitutes. the.
basic characteristic of this embodiment of the
present invention.: |

The flash gas 1em0ved from tank 39 is com-
pressed in compressor 32, condensed in condenser
38 and, having closed valve 42 by the effect of
its high temperature on bulb 4%, begins to ac-
cumulate in tank 48. When the liquid refrig-
erant in tank 39 has, for example, been cooled
to 26° P., valve &1 opens, as hereinbefore de-~

seribed and the cold refrigerant is gravity-fed

into evaporator 43, where it absorbs heat from
the surrounding medium, vaporizes and is ex-
hausted by the suctlon of compressor 32, to which
evaporator £3 is now connected. The gaseous
refrigerant thus removed will be compressed in
compressor 32, condensed in condenser 38 and

_ _ “When sufficient. refrlg-
erant has accumulated in tank 40 to tip and

close mercury switch 52, the valves associated
with compressor 32 reverse, as herembefore de-

scribed, and tank 49 is now connected to the '

suction su:'le of compressor 32 'with . the result'_'
that flash gas is now removed from ta,nk 49 with
the _attendant _co_ohng of _th_e ll_qmd ___refngerant

Aash gas from tank (4 of the e?nbodlme‘lt :
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remaining in tank M This ﬂash gas is again
compressed in com_pressor 32, condensed in con-
denser 237 and delivered to tank 39 where it closes
valve 4f 1mmed1ately upon arrival, thus per-
m1tt1ng accumulation of hot liquid refrigerant
in tank 35. When the temperature of the re-
frigerant in tank 40 has been lowered to 25° 7.,
valve 42 opens as hereinbefore described and the
refrlgerant from tank 48 is gravity-fed into
evaporater 43. ‘The vapor formed in evaporator
43 is again exhausted and compressed by com-
pressor 22, condenscﬂd in condenser 37 and stored
in tanh 39, the mercury swrtch 51 in the latter
aﬂ'am reversmg the compressor connections when
the Droper 11qu1d level is reached, thus initiating
a new cycle. Here again, the temperature differ-
entrals referred 1o are not critical but are in-
tended only to be mdlcatlve of a preierred set
of conditions. %rthﬂrmore
stood that mercury switches 5 and 52 are so
adjusted in tanks 39 and 4§ as o permlt maxi-
mum utilization of each tank and are, in addi-
'tlen, so lecated that each will tilt and make con-
tact when subSuantrally the same quantity of
_llqurd refrrgerant has accumulated in cne itanik
as would be requrred to mal«re the switeh 1ilt in
t‘le ctner tank.

1t is clear that, the means for controlling valve
{1 of Figure 4 and valves £{ and 42 of Figure 6
are not, per se, an essential feature of the in-
vention, and tnah any conventional means suit-
able fer accempuehmﬂ' the desired 1esu1 s out~

lined above, may be employed. A practical sys-

tem which is suitable for this purpose, as indi-
cated abeve consists of two opposed bellows, each
of which is eubJected to the pressure existing
in one of the pair of temperature sensitive bulbs

; - associated with each of the above valves, to-

gether with a system of linkages so arranged
as to be responsive to the difference between
the movements of the bellows. A suitable sys-
tem of bellows and linkages. such as outiined

abeve is disclosed in Bauman Umted States Pat~

ent No. 2,440, 628 rssued Aprll 27, 1948, and as-

 signed to the ass1gnee of the present invention.

~ The: linkages. may operate the valves qirectly,
- as ehown by the breken line- CGHHECtJ.H‘T each.
valve to its respective control, or, if desired, may
serve to actuate an electrical system (not . shown) -

used: to. open and close the respective valves.
As will be- evident from the foregoing descrip-
tion, both of the described embodiments accom-

plisir and: bring out the principle of the present
invention, namely the substantlally continuous

1emova1 of ﬂash gas from the expanding refrig-

erant as soon as stich. flash gas is formed, and

ot the pressure and bemperature at Wthh it 1s
formed. As shewn in the precechng discussion

this results in the lowest possible requirement
60

of refrigeration, and therefore in the hig ghest pos-

of: Werk input mto the system, for-a given amount

- sible coefiicient of performance.
~ While two embodiments of the invention have

been described with particularity, it will be un-

dersteod that- the invention is suaceptlble of
changes and medlﬁcatrons mtheut departmfr'

from the essentlal sp1r1t thereer For example

means; ether than the compressel arlangementa,-
shown mxght be employed to efiect the transition.
of the refngerant from. the gaseous to.the hquld !

state. Slrmlarly, as set forth above, control- of

the. ﬂow of the refrlgerant toward. the evaporator? |
How-

75

may. be accomphshed in a-variety of ways.
EVer, 1't will be evldent that such changes and

1t wili be under-
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modiﬂeatmns are eonte'nplated as may coms
within the scope of the appended claims.’

I claim:

1. In a refrigeration system including a con-
genser and an evaporator connected in cireuit,
and an expansion chamber disposed in the cir-
cuit intermediate said condenser and evaporator,
the method of operation which includes the fol-
lowing steps: delivering to said chamber hqmd
refrigerant derived from said condenser: isolat-
ing the refrigerant in said chamber from said
evaporator; gradually decreasing the nressure of
the liguid refrigerant in said chamber to provrde
for the incremental formation of flash gas and

3 consequent gradual cooling of the liquid refriger-

ant; effecting separation of increments of flash
gas upon formation thereof and under substan-
tially the temperature and pressure conditions
at which said inecrements are formed: and de-
livering to said evaporator the resultant cool,
low-pressure liquid refrigerant in said chamber.
2. In a refrigeration system including a com-
pressor, a condenser and an evaporator connected
in circuit, and an expansion chamber disposed
in the circuit intermediate said condenser and
evaporator, the method of operation which in-
cludes the following steps: compressing volatile
1efr1~'-‘ferant fluid in the gaseous state; condensing
sald fluid; delivering fo said chamber a prede-
termined quantity of Liquid refrrgerant derived
from said condenser; isolating the refrigerant
in said chamber from said evaporator; gradually
decreasing the pressure. of the liguid refrigerant
in said chamber to provide for the ineremental
formation of flash gas and censequent cooling
of the liquid refrigerant; effecting separation. of
increments of flash gas immediately upon forma-
tion and under substantially the temperature
and pressure conditions at which said increments
are formed, returning separated flash gas to the
compressor under the influence eof the suetion
ci the compressor and recompressing said flash
gas for subsequent re-use in. the. system; and
delivering to said evaporator the cool, low-pres-
sure liquid remaining in said chamber. |
3. In a refrigeration system including a com-
pressor, a condenser and an evaporator con-

nected in circuit, and an eXpansmn chamber dis-

posed in the clreurt intermediate said condenser
and evaporator, the method of eperatlon which
includes the fellewmg steps: compressing vola-
tile refrlgerant fluid in the gaseous state: con-
densing the. compressed fluid; dehvermg a pre-
determined quantity of said eendensed fluid to
said expansion chamber; 1selatmg the refriger-
ant in said chamber frem said evaperater, grad-
uzlly reducing the plessure in said. expansion
chamber under the influence of the suction of
said compreesor to premde for the mcremental*-
formation of flash gas in sald chamber and con-

sequent cooling of the quuld refrlgerant effect-

ing separation of each increment of. flash. gas.,
upon formation thereof and under- substantlally
the temperature and pressure cendltmns at which
each increment is formed; recompressing the
sald separated flash -gas for subsequent re-use
in the system: and vaporizing the remaining cool,
low-pressure hqmd in heat exehange relation
with the evaporator.

- 4. In a refrigeration system including a con-
denser  and an evaporator connected in circuit,
means for dehvermg hqmd refrlgerant from said.
condenser to said evaporator at. predetermmed
conditions. of pressure. and temperature; said
means comprising: apparatus for gradually de-
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ereasing the pressure of the liquid refrigerant
prior to its delivery to said evaporator to provide
for incremental formation of flash gas and con-
sequent cooling of the liguid refrigerant; means
for effecting separation of increments of fiash
cas immediately upon formation and under sub-
stantially the temperature and pressure condi-
‘tions at which said gas is formed; and valve
means effective to close off said chamber from
said evaporator during cooling of the liquid re-
friserant and to initiate substantially unre-
stricted delivery of the resultant cool, low-pres-
sure liquid to said evaporator.

5. In o refriceration system including a com-
pressor, a condenser and an evaporator connected
in circuit, means for delivering liquid reiriger-
ant from said condenser to said evaporator at
predetermined conditions of pressure and tem-
perature, said means comprising: apparatus for
eradually decreasing the pressure 0% the liquid
refriserant under the influence of the suction
of said compressor and prior to the delivery of
the refrigerant to said evaporator, t o provide for
formation of flash gas and consequent cooling of
the liquid refrigerant, the compressor operating
to effect separation of increments of flash gas
upon formation and under substantially the tem-
perature and pressure conditions at which each
<aid increment is formed; and means effective to
prevent flow of refrigerant from said chambper
to said evaporator during cooling and to initiate
substantially unrestricted delivery of the result-
ant cool, low-pressure liquid refrigerant to said

evaporator. .

6. In a refrigeration system including a com- 3

precsor, a condensar and an evaporator connected
in eircuit, means for delivering liguid refrigerant
from said condenser to said evaporator at prede-
termined conditions of pressure and temperature,
said means comprising: an expansicn chamber
disposed in the circuit intermediate said con-
denser and said evaporator and within which
oradua! coocling of the liquid refrigerant and
eradual reduction of its pressure takes place;
means for removing increments of flash gas from
said chamber and for returning each saild incre-
ment to said compressor under substantially the
pressure and temperature conditions at which it
is formed: means for isolating the contents of

said chamber from said evaporator during forma- |

tion of flash gas: and means for delivering the
resultant cool, low-pressure liquid refrigerant in
said chamber to said evaporator.

7 In a refrigeration system including a com-
nressor, a condenser and an evaporator connhected
in ecircuit, means for delivering liquid refrigerant
from said condenser to said evaporator at prede-

tarmined conditions of pressure and temperature,

said means comprising: an expansion chamber
disposed in the circuit intermediate said con-

denser and said evaporator and within which

coolineg of the refrigerant and reduction of its
pressure takes place; valve means ior delivering
to said chamber a predetermined ¢guantity of lig-
aid refrigerant derived from said condenser; con-
duit means interconnecting said chamber and
said compressor to provide for separation of the
fAash gas formed in said chamber and the return
of the same to said compressor under the influ-
ence of the suction of the compressor, such sepa-
ration and return of each increment of flash gas
heing effected upon formation thereof and under
substantially the temperature and pressure con-
ditions at which each such increment is formed,;
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means for isolating the contents of said chamber 75

o
(Rl i"iq

from said evaporator during formsationn of fiash

cas: and means providing for delivery to sald
evaporator of the remaining cool, low-pressure
liquid refrigerant in said chamber.

8. A system in accordance with claim 7, and

further characterized in th&t_sé}id conduit means

ig of substantially non-restrictive dimensions.

9. A system in accordance with claim 7, and
further characterized in -that said last means
includes valve means responsive to a predeter-
mined temperature differential between said
evaporator and said chamber. |

10, ITn a refrigeration system, comprising: a
coimpressor: g condenser; a storage tank; an ex-
pansion chamber; and an evaporator, said com-
pressor, condenser, tank, chamber and evapora-
tor being disposed in flow circuit; valve means
disposed - between said storage tank and said
expansion chamber; and float means disposed
within said storage tank and operatively con-

‘nected to said valve means to maintain said valve

means closed, whereby the flow of refrigerant
from said storage tank to said expansion cham-
ber is interrupted until a predetermined quantity
of refrigerant has accumulated in said storage
tank, said float means being arranged to sense
the acecumulation of said predetermined quantity
of refricerant and to open and maintain fully
open said valve means in response to said accu-
mulation, whereby the substantially unimpeded.
Aow of refrigerant from said storage tank fto said:
expansion chamber is re-established and sub-
stantial emptying of said storage tank is effected
and said float means being further arranged to
gsense the substantial emptying of said predeter-
mined quantity of refrigerant from sald storage

tank and to close and maintain closed sald valve

means in response to said emptying of said stor-
age tank, whereby renewed accumulation of said

nredetermined quantity of refrigerant is initiated.

- 11, In ga refrigeration system, comprising a
compressor; a condenser; a storage tank; an ex-
pansion chamber, said expansion chamber being
insulated to prevent substantial heat exchange
between the contents of said chamber and the
medium surrounding it; and an evaporator, said
compressor, condenser, tank, chamber and evap-
orator being disposed in flow circuit, first valve
means disposed between said storage tank and
said expansion chamber and arranged so as o
open in response to accumulation of a predeter-
mined quantity of liquid refrigerant derived from.
said condenser and to admit into said expansion
chamber said quantity of liquid refrigerant; con-
duit means connecting said expansion chamber
to the suction side of said compressor; second
valve means disposed between said expansion
chamber and said evaporator; a pair of tempera- -
ture sensitive elements disposed to sense, respec-
tively, the temperature of the contents of said
expansion chamber and of said evaporator; con-
trol means responsive to said temperature sensi-
tive elements and effective to close and maintain
closed said second valve means when the temper-
ature of the contents of said expansion chamber
exceeds the temperature of the contents of said
evaporator by at least g predetermined differen-
tial, and to open, and maintain open, said second
valve means when the temperature of the con-
tents of said expansion chamber exceeds the tem-
perature of the contents of said evaporator by less

than a predetermined differential. |

12. A refrigeration system, comprising: a com-
Pressor; a condenser; a receiver; an expansion

chamber; and an evaporator, the aforesaid com-
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‘ponents being connected in -eircuit -and .adapted
for  the undirectional flow of fluid refrigerant
from said compressor, through said condenser,
receiver and expansion chamber to-said -evapora-~
tor, and from thence returning to said com-
presser; valve means ‘interposed between said
receiver -and said expansion :chamber, sdid valve
means -being -effective to interrupt flow of re-
frigerant from said receiver to said chamber
until a ‘predetermined quantity of refrigerant
has accumulated in -said receiver, said ‘valve
means being responsive:to accumilation of ‘said
prédetermined quantity to re-establish said flow
of reirigerant from said receiver to said ¢ham-
per, and said valve means :additionally being re-
sponsive to -substantigl emptying -of 'said receiver
{0 again interrupt the How of refrigerant from
said receiver to said chamber, ‘whereby ‘renewed
-accumulation of said predetermined-quantity of

refrigerant ‘is initiated; conduit means by-pass- ©

ing -said evaporator and connecting said ~.com-
pressor with said chamber ito provide for re-
duction -of the pressure in said chamber and
consequent’ production of flash gas and return of

the same fo the compressor under the influence :

of the suction of the latter; valve means inter-
posed between said expansion: chamber and said
avaporator; -and control appardatus providing for
‘delivery ‘to -said -evaporator of the liquid refrig-
erant in -said chamber, said -last means being ef-

fective to vrovide “such délivery in accordance

with the tempera,ture differential bhetween sa:u:i
:eva,pevator and said ¢chamber. |
13.'In -a refrigerant flow system -including a
compressor-and-an evaporator: a pair of ‘parallel
refrigerant flow paths interconnecting said com-
pressor. and evaporator, each of said paths com-
prising a condenser ‘and:.an expansion chamber
in series fiow circuit, valve and conduit means.so
disposed .as interchangeably 1o connect one of
sald ‘condensers 1o the suction side of: said com-
pressor:and the other one of said condensers to
the compression side of said compressor, whereby
refrigerant -is alternately -removed from one:of
“gaid -paths, compressed, and -introduced into -the

other path,-and control means -operatively ‘con-

et
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nected -to said valve :means to effect interchange
of said compressor connections in response to a
predetermined accumulation of liquid refriserant
in ‘that path connected to the compression side
of said compressor prior to said interchange.

14. In a refrigerant flow system including a
compressor, .and -an evaporator: a first -refrig-
erant flow path interconnecting said compressor
and -evaporator, said first path including a first
condenser and - a first expansion chamber in
series flow circuit; a second refrigerant flow path
paralleling said first path .and .interconnecting
said compressor and evaporator, said second path

including -a second .condenser and a- second ex-
‘pansion chamber; means .arranged to connect
one .of sgid paths to :the :suction .side .of said

compressor and the other path ‘to the:compres-
sion side of said compressor, said - ‘compressor
connections being interchangeable: first valve

means-disposed intermediate said first expansion
chamber -and wsaid .evaporator;

.second valve
means -disposed intermediate said second :expan-

sion chamber and said evaporator:. and first and

econd control means:operatively:associated, re-
spectively, with said first and second -valve

means, -and responsive to predetermined tem-
perature differentials between each correspond-

ing expansion chamber and said evaporator to

open and closz sald associated valve means.

ELMER "W. ZEARFOSS, Jzr.
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