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This invention relates to purge-recovery arrangement
for refrigeration systems, more particularly, to an ar-
rangement for purging non-condensable gases from a cen-
trifugal refrigeration system and recovering from these
purged non-condensable gases any refrigeration admixed
therewith.

In refrigeration systems such as centrifugal and absorp-
tion refrigeration systems with time, air, water vapor and
other foreign matter gradually leak into or are formed in
the system. This, as is to be expected, results in a mal-
functioning of the system since non-condensable gases,
for example, interfere with the heat exchange relation
between the refrigerant and condensing or cooled me-
diums. Water in such a refrigeration system causes cor-
rosion and also interferes with heat exchange between
the refrigerant and condensing or cooled mediums.

A variety of systems have been evolved, designed to
purge this foreign matter from a refrigeration system and
to facilitate recovery of any refrigerant removed with
said foreign matter. For example, some devices have
employed an auxiliary compression refrigeration system
for initiating flow of the non-condensable gases from the
primary refrigeration system and for chilling and con-
densing these non-condensable gases. The increased cost
of manufacture and subsequent maintenance arising from
the provision of an auxiliary purge refrigeration system
is obvious. Other systems, for example, have employed
steam and water ejectors which do not permit recovery of
the refrigerant,

The present invention provides an arrangement which
permits purging of a refrigeration system to remove non-
condensable gases and foreign matter from the refrigera-
tion system, and thereafter to separate any purged refrig-
erant from the foreign matter and permit return of the
refrigerant to the refrigeration system thus assuring that
loss of refrigerant due to the necessary purging operation
is 2 minimum.

-1t is accordingly a primary object of this invention to
provide an improved purge system for refrigeration sys-
tems permitting removal of non-condensable gases from
the refrigeration system, and return to the system of any
refrigerant admixed with said non-condensable gases thus
obviating the loss of refrigerant from the refrigeration
system.

Another object of this invention is to provide a purge-
recovery system of a simple nature, having 2 minimum
number of components.

These, and other objects of the invention, which will
become apparent in the following description and claims,
are achieved by provision of a novel purge-recovery ar-
rangement including a separation chamber within which
a mixture of refrigerant, water and non-condensable
gases may be separated. The mixture is admitted to the
separation chamber from the condenser of the refrigera-
tion system, for example, a centrifugal refrigeration sys-
tem, the chamber pressure and temperature being main-
tained during operation lower than pressure and temper-
ature in the condenser. A cooling coil is placed- within
the chamber, liquid refrigerant from the condenser pass-
ing through the coil and being evaporated therein by its
heat exchange relation with the gases and vapors pass-
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over the coil condenses any refrigerant and water vapor
present therein, the liquid collecting in a sump below the
coil. Since the refrigerant is not miscible with and is
heavier than water, the liquids separate. The refrigerant
is then returned to the refrigeration system; the water can
then be eliminated; and the non-condensable gases are
passed off to the atmosphere. A novel valving arrange-
ment is provided controlling the elimination of non-con-
densable gases from the chamber in response to variation
in pressure differentials between the condenser, separa-
tion chamber and evaporator.

A primary feature of the invention relates to the provi-
sion of a purge-recovery arrangement for a refrigeration
system which permits automatic flow of non-condensable
gases carrying entrained refrigerant and water vapors
from the condenser of the refrigeration system to be
purged, to a separation chamber where the non-conden-
sable gases are cooled to condense refrigerant and water
vapors intermingled therewith and then the non-conden-
sable gases are passed off to the atmosphere while the
condensed water is passed off to a water line, and the
liquid refrigerant is separated from the water and re-
turned to the refrigeration system.

Another feature of the invention resides in the fact
that the separation chamber is provided with cooling by
employing the refrigerant from the condenser to the re-
frigeration system, permitting said refrigerant to pass
through an expansion means to the separation chamber.

The specific construction details of a preferred embodi-
ment of the invention and their modes of functioning
will be made most manifest and particularly pointed out
in conjunction with the accompanying drawing, wherein:

The figure represents a schematic view of the novel
purge-recovery system shown as applied to a centrifugal
refrigeration system.

Referring now more particularly to the drawings, a cen-
trifugal refrigeration system 10 including the purge-re-
covery arrangement of the present invention is shown.
Refrigeration system 10 comprises a compressor 11, a con-
denser 12 having condenser sump 13 leading to an econo-
mizer 14 which supplies liquid refrigerant to evaporator
or cooler 15; liquid refrigerant is flash-cooled in the
economizer, the flashed vapor being forwarded to the sec-
ond stage of compression of compressor 11 through line
14’, as shown in Jones Patent Number 2,277,647, granted
March 24, 1942. In cooler 15, liquid refrigerant is placed
in heat exchange relation with a medium to be cooled, re-
frigerant vapor so formed being forward through line 16
to the first stage of compression of compressor 11.

From the upper part of condenser 12, a purge line 18,
having a restricting orifice 19, strainer 19’ and line valve
19”, is extended to separation chamber 28, :

Separation chamber 28 is formed by a shell or casing
21. A condensing coil 23 is placed, preferably, in the-
upper part of the casing adjacent the purge line inlet so
that gases entering the casing are passed over the coil in
heat exchange relation with refrigerant passing through:
the coil thereby condensing any refrigerant or water vapor.
carried by the non-condensable gases to separate the re-
frigerant and water from the non-condensable gases.

A separation deck 22 is placed below coil 23 and re-:
ceives the liquid condensed by the coil. A refrigerant
generally employed in centrifugal refrigeration systems:
is dichlorodifluoromethane which is not miscible with™
water and is heavier than water. Thus in the separation
deck, the liquid refrigerant separates from the water and
passes through passageway 20’ to the sump in the bottom
of casing 21. A weir 26 regulates the volume of liquid.
refrigerant passing to the sump and prevents passage of .
water due to difference in density and immiscibility of the .
water. A float valve 24 placed in the sump regulates pas-..
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sage of liquid refrigerant from the sump through line 35
to the cooler 15. An equalizer tube 25 is formed in deck
22 and is provided with one-or more openings in order
that pressure in the upper and lower portions of the casing
are equalized during operation.

Water collects in deck 22 as it separates from the liquid
refrigerant and eventually overflows weir 60 of deck 22
to sump 61. A sight glass 62 is placed adjacent sump 61
so that an operator may check the volume of water col-

lécted in sump 61. Water line 30 controlled by valve 31.

is connected to sump 61. As water collects in sump 61,
valve 31 is operated by the operator permitting water to
drain from the sump to waste.

Atmospheric line 27 leads from the separation cham-
ber casing 21 and is provided with a normally closed sole-
noid relief valve 28 for the relief of non-condensable gases
which collect in chamber 28. Control of valve 28 will.
be explained hereafter.

Liquid refrigerant supply line.40 is connected from the
sump 13 of condenser 12 to the cooling coil 23 within
separation chamber casing 21. Suitable expansion means
such as temperature controlled expansion valve 41 or back
pressure valve (not shown) is provided in the liquid re-
frigerant supply line 40 to control supply of refrigerant
to coil 23. It will be understood expansion means 41.
operates to maintain a desired coil temperature to prevent
collection of frost or ice thereon or in the: separation
chamber. A temperature responsive control 42 (here
shown in the form of a bulb and capillary tube) is con-
nected to valve 41 to regulate the action thereof. If de-
sired, as shown, the bulb may be ‘placed on the refriger-
ant leaving line 56 of coil 23 which in effect constitutes
the sucticn line. The refrigerant after passage through
coil 23 is forwarded to the cooler 15 through line 50.

Solenoid valve 28 is controlled by means of two differ-
ential pressure switches 55, 56 placed in series in an elec-
trical circuit including valve 28. Switch 55 is connected
to the condenser 12 by line 7¢ and to chamber 20 by line
71 so that it responds to the difference in pressure therein.
Switch' 56 is connected to the condenser 12 by line70 and
to-suction line 56 or cooler 15 by line 73 so that if re-
sponds to the difference in pressure between cooler pres-
sure and condenser pressure. Both switches 55, 56 are
affected by such pressure differentials to control opening
and closing of valve 28, Preferably, the switches -are in
series with each other and the main starter holding coil

of the refrigeration system so that the switches are-ener- -

gized upon start-up of the refrigeration system. For ex-
amplé, switch 55 may be set to close at 8 pounds-per
square inch pressure differential and to open at ‘16 pounds
per square inch pressure differential while switch 56 may
be set to close at twenty-four pounds per square inch pres-

sure differential and to open at sixteen pounds per square--

inch pressure differential.

The switches are shown diagrammatically.
switches are the same except that switch 55 is normally:
closed and switch 56 is normally open. Each includes

a:first bellows 75, and a second bellows 76 connected by-
arod 77. A lever 78 is attached to rod 77 and is pivoted:

at point 79. Thus as the pressure differential reflected

by bellows 75, 76 moves rod 77 lever 78 pivots about -
point 79 to move switch arm 80 toward or from contacts -

81 breaking or closing the circuit.. The differential pres-
sure switches employed may be manufacture by Penn
Controls, Inc., of Goshen, Indiana, the normally closed

switch being sold commercially as:type HKO06BA102:.
and the normally open switch‘being-sold commercially as

type HKO6BA104.
Operation:

The novel purge-recovery. system- above disclosed is-
employed preferably in connection with the condénser of

a-centrifugal refrigeration system in which during opera:
tion ‘condensing pressure is generally above atmospheric
pressure;

Both -

The primary function of the purge-recovery-
system~i$- to- remove - non-condensable " gases -and water”
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from the refrigeration machine and to recover most of the
refrigerant entrained or mixed with the non-condensable
gases and water vapor which is purged from the con-
denmser. The non-condensable gases tend to accumulate
at the top of the condenser and when removed from the
condenser. through -purge line 18 carry refrigerant and
water vapor therewith if water vapor is present in the
condenser. When the system is placed in operation, the-
compressor quickly pulls-down so that a substantial pres-
sure difference exists between the condenser 12 and cham-
ber 28. The greater pressure in condenser 12 forces the
non-condensable gases and mixed refrigerant and water
vapors through the line 18, orifice 19, and strainer 19’,
valve 18" being open, and over cooling coil 23, thus con-
densing. vapors by the heat exchange relation with the-
refrigerant in the coil, refrigerant in the coil evaporating
and passing through line 50 to cooler 15. Valve 41 regu-
lates the supply of refrigerant to coil 23.

The non-condensable gases collect in the top of the
separation chamber and may be released to the atmos-
phere through atmospheric line 27. The condensed.
vapors,. liquid refrigerant and water are collected below:
condensing coil 23.is separation.deck 22. In the sepa--
ration deck.22 the liquid refrigerant separates from the
water, the heavier refrigerant settling to the bottom and.
passing over weir. 26 beneath the separation deck to the-
refrigerant sump in the bottom. of chamber 20. It will
be observed that float valve: 24- will open when it is-
buoyed up to a sufficient height by a depth of refrigerant
sufficient to permit opening the discharge refrigeration.
line 35, without backup of refrigerant from the evapo-
rator.

The lighter water normally accumulates at the top of
the separation deck, overflows weir 60, collects.in. the:
water sump and is discharged through water line 30 by
means of manual valve 31.

In operation, the novel purge recovery unit is provided
with controls so as to permit automatic purging of the.
refrigeration system. Condenser-separation chamber dif-
ferential pressure switch 55, and condenser evaporator
switch 56 are both energized at start-up of the refrigera-
tion system 18, since switches 55 and 56 preferably are
in series with the main starter holding.coil. When the
pressures are substantially equal in the condenser 12, sepa-
ration chamber 20, and evaporator 15, as at start-up,
switch 55 is closed, and switch 56 is open. So long as
either of switches 55 or 56 is open, atmospheric valve
28 remains closed. When the condenser pressure builds
up under normal refrigeration system operation switch
56 closes, thus .completing the circuit to the solenoid of
valve 28. opening the same, and permitting discharge of
non-condensable gases through' atmospheric line 27 from
separation chamber 20 to the atmosphere.

The resultant decrease in pressure in separation cham-
ber 20 results  in a pressure differential. between the
separation’ chamber and the condenser producing purg:
ing of the non-condensables from the condenser. Switch:
55 responds to this pressure differential deenergizing the
solenoid of valve 28 thus closing relief valve 28, per:
mitting an increase in separation chamber pressure. This -
cycle is-repeated during operation of the refrigeration .
system.

The present invention provides a novel purge-recovery
system for use in removing non-condensable gases from-
refrigeration systems, and returning to the refrigeration-
system refrigerant admixed with the purged non:-con--
densable "gases. The arrangement functions by means of”
pressure differentials in the condenser of the refrigeration
system and-the separator of the purge system to accom=
plish automati¢ purging, without necessitating the use of*
conventionally employed auxiliary refrigeration apparatus
such as compressors, air cooled condensers and the like.

The above-disclosure has been given by way of illus-
tration and elucidation, and not by way of limitation, and-
it is desired to protect'all embodiments-of the herein dis--
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closed inventive concept within the scope of the appended
claims, '

We claim:

1. In combination with a refrigeration system, a purg-
ing arrangement to purge non-condensable gases from the
system and to recover refrigerant mixed with the non-
condensable gases, said arrangement comprising a casing
forming a chamber, a line connecting the chamber with
the condenser to permit flow of non-cendensable gases
and entrained vapor to the chamber from the condenser,
a heat exchanger placed in the path of flow of the gases,
a second line connecting the heat exchanger with the
condenser to supply liquid refrigerant to the heat ex-
changer from the condenser, means in said second line
regulating supply of refrigerant to the heat exchanger,
non-condensable gases carrying entrained vapor flowing
over the heat exchanger in heat exchange relation with
refrigerant therein to condense vapor carried thereby
thus separating the same from the non-condensable gases,
a third line connecting the outlet of the heat exchanger
to the evaporator of the refrigeration system to forward
refrigerant from the heat exchanger to the evaporator,
means to return condensate directly to the evaporator,
and means governing release of non-condensable gases
from the chamber, said governing means including a line
connecting the chamber with ambiet atmosphere, a valve
in said line governing passage of non-condensable gases
to the line and a control for said valve including a mem-
ber responsive to predetermined variation in the dif-
ference in pressure between condenser pressure and cham-
ber pressure to actuate the valve and said control further
including a second member responsive to predetermined
variation in the difference in pressure between the con-
denser pressure and the evaporator pressure to actuate
the valve.

2. A purging arrangement according to claim 1 in
which the valve in said line is a solenoid valve, the first
member is a first pressure differential switch and the sec-
ond member is a pressure differential switch, the first and
second members being placed in an electrical circuit with
said valve, the first switch responding to predetermined
variation in the difference in pressure between condenser
pressure and chamber pressure, the second switch re-
sponding to a predetermined variation in the difference
in pressure between condenser pressure and evaporator
pressure whereby, upon startup, the first switch is closed
and the second switch is open, the second switch closing
upon a predetermined variation in the difference in pres-
sure between condenser pressure and evaporator pres-
sure being attained to energize the valve to permit non-
condensable gases to flow from the chamber, the first
switch remaining closed until a predetermined variation
in pressure difference between condenser pressure and
chamber pressure is attained, then opening to de-energize
the valve and remaining open until a further predeter-
mined variation in pressure difference between condenser
pressure and chamber pressure is attained, then again
closing to energize the valve to permit non-condensable
gases to flow from the chamber, actuation of the first
switch repeating cyclically throughout operation of the
system.

3. In combination with a refrigeration system, a purg-
ing arrangement to purge non-condensable gases from
the system and to recover refrigerant mixed with the non-
condensable gases, said arrangement comprising a casing
forming a chamber, a line connecting the chamber with
the condenser to permit flow of non-cendensable gases and
entrained water and refrigerant vapors to the chamber
from the condenser, a heat exchanger placed in the path
of flow of the gases, a second line connecting the heat
exchanger with the condenser to supply liquid refrig-
erant to the heat exchanger from the condenser, means
in said line regulating supply of refrigerant to the heat
exchanger, non-condensable gases carrying entrained
vapor flowing over the heat exchanger in heat exchange
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relation . with refrigerant therein to condense refrigerant
and water vapors carried thereby, thus separating the
same from the non-condensable gases, means in the cas-
ing for separating liquid refrigerant from water, means to
remove the water from the casing, a third line connecting
the outlet of the heat exchanger to the evaporator to for-
ward refrigerant from the heat exchanger to the evapo-
rator, means to return liquid refrigerant from the casing
to the evaporator and means governing release of non-
condensable gases from the chamber, said governing
means including a line connecting the chamber with am-
bient atmosphere, a valve in said line governing passage
of non-condensable gases through the line and a control
for said valve, said control including a member respon-
sive to predetermined variation in the pressure between
condenser pressure and chamber pressure to actuate the
valve, said control means further including a second
member responsive to predetermined variation in the dif-
ference in pressure between condenser pressure and evap-
orator pressure to actuate the valve.

4. In combination with a refrigeration system, a purg-
ing arrangement to purge non-condensable gases from the
system and to recover refrigerant mixed with the non-
condensable gases, said arrangement comprising a casing
forming a chamber, a line connecting the chamber with
the condenser to permit flow of non-condensable gases
and entrained water and refrigerant vapors to the cham-
ber from the condenser, a heat exchanger placed in the
path of flow of the gases, a second line conneciing the
heat exchanger with the condenser to supply liquid re-
frigerant to the heat exchanger from the condenser, means
in said line regulating supply of refrigerant to the heat
exchanger, non-condensable gases carrying entrained va-
por flowing over the heat exchanger in heat exchange re-
lation with refrigerant therein to condense refrigerant and
water vapors carried thereby, thus separating the same
from the non-condensable gases, means in the casing for
separating liquid refrigerant from water, means to remove
the water from the casing, a third line conmnecting the
outlet of the heat exchanger to the evaporator to forward
refrigerant from the heat exchanger to the evaporator,
means to return liquid refrigerant from the casing to the
evaporator and means governing release of non-conden-
sable gases from the chamber, said governing meaus com-
prising a line connecting the chamber with ambient at-
mosphere, a solenoid valve in said line governing passage
of non-condensable gases through the line and control
means for said valve including a first pressure differential
switch and a second pressure differential switch placed in
an electrical circuit with said valve, the first switch re-
sponding to a predetermined variation in pressure differ-
ence between condenser pressure and chamber pressure,
the second switch responding io a predetermined varia-
tion in difference in pressure between condenser pressure
and evaporator pressure, whereby, upon startup, the first
switch is closed and the second switch is opened, the sec-
ond switch closing upon a predetermined difference in
pressure between condenser pressure and evaporator pres-
sure being attained to energize the valve to permit non-
condensable gases to flow from the chamber, the first
switch remaining closed until a predetermined variation
in difference in pressure between condenser pressure and
chamber pressure is attained and then opsning to deener-
gize the valve and remaining open until a further prede-
termined variation in difference in pressure between con-
denser pressure and chamber pressure is attained, then
closing to energize the valve to permit non-condensable
gases to flow from the chamber, actuation of the first
switch repeating cyclically throughout operation of the
system.

5. A method of purging a refrigeration system to
remove non-condensable gases and water from the sys-
tem and to recover refrigerant mixed with the non-con-
densable gases and water in which the steps consist in
collecting the non-condensable gases in a first portion
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of ‘the- system;, removing, the-non:condénsablé- gases-car=

rying entrained refrigerant vapor-and water' vapor - to-a’
second ‘portion-of the system, placing:liquid refrigerant-

from the first portion of the system i heat exchange rela-

tion with' the non-condensable gases and- vapors' in' the-

second portion of the system to' condense- the- vapors,
separating refrigerant condensate from water in' the-

second” portion of the system, supplying the reffigerant-
condensate’ to a third portion of the systemy to coms=-
-10

pensate for a heat load imposed on’ the system, remov-

ing water from the second portion- of the system, and:
in response to predetremined variation in- differencein-

pressure between pressure in-the first portion and' pres+
sure in the second portion, purging non:condensable gases

from the second portion of the system, and purging at
start-up  of the system, non-condensable- gases' from the -
second portion of the system in response to predetermined -
variation in- difference in pressure between pressure in-
the first portion of the:system and pressure: in-the-third"

portion of the system.

15

20

6. A" method” of purging a- refiigeration- system" it
which the steps consist in collecting non-condensablé:
gases in a portion of the system, and, in.response to.pre-
determined - variation in~ différence 'in- pressure between
pressure in the-condenser-of the reffigeration system and’
pressure in the collecting portion of the" system”and’a:
predétermined “ variation in” pressure * difference - between
pressure in the condenser and-pressure in the evaporator
of the refrigeration system, purgirig-the non-condensable
gases “from’ the system:
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