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UNITED STATES 

2,195,228 

PATENT OFFICE 
2,195,228, 

REFRGERANGAPPARATUS AND 
PROCESS 

August Schwarz, Chicago, i. 
Refiled for abandoned application Serial No. 

724,335, May 7, 1934. This application March 
13, 1937, Serial No. 130,759 

34 Claims. 
My invention has for its object the provision 

of apparatus adapted for low temperature and 
quick freezing refrigeration; also for condens 
ing the final refrigerant by low temperature and 
by low condenser pressure; including means 
whereby the low temperature and low pressure 
liquid may be boosted and further cooled un 
der high pressure. 
The invention involves what may be termed 

two single stage systems, namely apparatus SO 
associated, but selectively operable, that a por 
tion may be operatively disconnected from the 
other portion and each portion employed as a 
Single phase System, one single phase system in 
volving a compressor, a condenser, a pre-cooler, 
expansion means and evaporator means; while 
the other single phase system involves a COm 
pressor, a condenser, liquid pump, a pre-COOler, 
expansion means and evaporator element, to 
gether with means whereby the liquid pump, may, 
at the will of the operator, be operatively elimi 
nated. 
The invention also involves valve controlled 

means whereby the pre-coolers, either One or 
both, in both of said systems may be eliminated 
when desired. ?? 
The invention also involves a two stage. Con 

densing and refrigerating system whereby the 
carbon-dioxide refrigerant is condensed and 
cooled in two stages; the first stage including a 
low temperature and low pressure condenser 
cooled by the expansion of a volatile refrigerant; 
further whereby the pressure of the low tempera 
ture and low pressure carbon dioxide from said 
condenser may be boosted and the carbon dioxide 
further cooled under high pressure; and also 
means whereby a portion of the first mentioned 
liquid refrigerant commingled with a portion of 
the boosted and further cooled liquid carbon di 
oxide refrigerant before expansion, and further 
means whereby a portion of the low temperature 
and high pressure liquid carbon dioxide refrig 
erant may be utilized for making dry ice in con 
nection with dry ice making apparatus. 
The invention also involves means whereby 

high pressure and low temperature liquid is avail 
able for the same purpose; and means whereby 
low temperature and low pressure liquid is avail 
able for the purpose of further cooling the liquid 
in the ice making apparatus; with arrangements 
whereby the exhaust may be drawn off from the 
ice-making or cooling apparatus and arrange 
ments whereby the spent carbon dioxide for ice 
making or cooling may be conveyed into my inn 
proved apparatus; my improved apparatus for 

(Cl. 62—115) 
condensing and cooling under low and high pres 
sure permitting use of the system as a single or a 
double stage refrigerating system. 
My invention also involves a single unit which 

permits compressing and condensing a refriger 
ant; pre-cooling an oncoming liquid refrigerant 
in heat exchange relation with the vaporized re 
frigerant; the unit providing a path for a fluid 
medium to be heated or cooled therein, expansion 
means and evaporating elements in said unit. 
My invention further involves an evaporator 

consisting of a vertically arranged shell divided 
by a wall in an upper and lower compartment, 
the lower compartment being provided with 
evaporating elements, the ends of said elements 
extending through said wall and communicating 
with said upper compartment, and a fluid convey 
ing element, said lower compartment being also 
provided with a plurality of inlet conduits and 
Outlet conduits, whereby a fluid cooled in said 
Compartment may be introduced into said con 
partment at different levels and withdrawn 
therefrom at different levels, said upper compart 
ment being provided with a liquid receiving and 
cooling element and in heat exchange relation 
with the discharge gas of said evaporating ele 
ment. 
My invention still further involves a refriger 

ating apparatus adapted either as a condenser or 
as an evaporator, said apparatus comprising a 
vertically arranged shell defining a chamber pro 
vided with a condenser element, an evaporating 
element and a liquid cooling element, the outlet 
end of said cooling element being connected with 
the inlet of said evaporating element, the shell 
being also provided with an inlet and an outlet 
conduit, whereby a fluid medium to be heated or 
cooled may be passed through the chamber of 
Said shell in heat exchange relation with all of 
said elements. 
This application COvers new inventions which 

also represent novel improvements over the in 
ventions of my Patent No. 1951,447, reissue ap 
plication for which is now being prosecuted, and 
also represents a refling of my abandoned ap 
plication, Ser. No. 724,335, fled May 7, 1934. 
The accompanying drawings more or less sche 

matically illustrate what I believe to be the 
best embodiments of my invention, although 
many variations and modifications of the sys 
tems are possible, and numerous arrangements 
of the relative positions may be made without de 
parting in any way from my invention. 

Fig. 1 is a vertical sectional view of my im 
proved system, a portion of one of the units be 
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ing broken away, while other portions are dia 
grammatically illustrated. 

Fig. 2 is a detail sectional view taken substan 
tially on the line 2-2 of Fig. 1, as viewed by the 
BITOWS. 

Fig. 3 is a vertical sectional view of a modifica 
tion of my improved system; certain portions be 
ing shown in section while other portions are di 
agrammatically illustrated. 

Fig. 4 is a vertical Sectional view of another 
modification of my improved system, with cer 
tain portions shown diagrammatically. 
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In the particular embodiment of the invention 
as shown in Figs. 1 and 2, a compressor is indi 
cated at 0, connected by means of conduit 
with a condenser 2, which may be water cooled 
or cooled by any other suitable medium; the me 
dium may be introduced through inlet 3 and 
withdrawn by outlet 4. 

In the illustration, the condenser is shown pro 
vided with headers 5 and 6 at opposite ends 
which are connected by a suitable number of 
tubes or coils as at T. 
The condensed refrigerant is conveyed from 

the outlet header 6 of the condenser by means 
of conduit 8. 
In this particular embodiment of the inven 

tion, the conduit 8 is shown connected with a 
liquid receiver or liquid cooling element 9 which 
extends into or is located in a combined con 
denser, evaporator and liquid cooler unit 20, and 
preferably adjacent the discharge end of the 
evaporator element or elements 2 in said unit 
2. The flow of the liquid through the cooling ele 
ment 9 is controlled by a suitable number of 
valves as at 22 and 23, 23. It is apparent from 
the arrangement shown that when valve 22 is 
closed and valves 23, 23 are open, the refrigerant 
or liquid in conduit 8, will be made to flow 
through element 9 and then returned to con 
duit 24. The liquid or refrigerant is conveyed 
by conduit 24 to the inlet end of unit 20 where 
the conduit is provided with an expansion valve 
25. The liquid or refrigerant is evaporated or 
expanded into the header 26 of unit 20 and al 
lowed to evaporate in tubes 2 by which it is 
conveyed to header 27, whence it is withdrawn 
by conduit 28 connected with the suction end of 
compressor 0, where the gas is recompressed 
and returned to condenser unit 2; said elements 
forming a primary refrigeration cycle. 
The chamber in unit 20, intermediate of the 

headers 26 and 27, is provided with-a Valve con 
trolled inlet 29 and valve controlled outlet 30, 
whereby any suitable liquid cooling medium may 
be circulated through the unit 20 in heat ex 
change relation with the evaporator elements 2. 
A secondary or low temperature refrigeration 

cycle involves a compressor 3 provided with con 
duit 32 which conveys the compressed refrigerant 
to a condenser element or elements 33 arranged 
in unit 20 intermediate the headers 26 and 27. 
In the particular embodiment of my invention, 
I show the condenser elements in the nature of 
coils disposed intermediate the different rows 
of evaporating elements or tubes 2, as more 
clearly shown in Fig. 2. With this arrangement, 
the conduit 32 discharges the compressed re 
frigerant into a header or manifold 34 which 
connects with the inlet ends of all of the con 
denser coils 33, as shown in Fig. 2; while the 
discharge or Outlet ends of these coils are con 
nected with a similar header or manifold 35. 
The condense and loW temperature liquidi 

2,195,228 
refrigerant coming from the condenser header 
35 is conveyed by conduit 36 to a conduit 37 
whereby the low temperature liquid refrigerant 
is conveyed into a liquid receiver or cooling ele 
ment 38, shown in the nature of coils arranged 
preferably at the discharge end of an evapo 
rator unit , 39. 
The unit 39 is preferably shown provided with 

headers 40 and 4 at opposite ends; and these 
headers are connected by means of a plurality of 
tubes or coils 42. 
The loW temperature liquid refrigerant is con 

veyed by element 38, into conduit 43 which is 
provided with a pipe connection 44 provided with 
expansion valve 45, whereby the refrigerant is 
expanded and vaporized into header 40, passing 
through tubes or coils 42 into discharge header 
lf, from whence the vaporized refrigerant is 
withdrawn by conduit 46 which connects with 
the Suction side of compressor 3, where the re 
frigerant gas is recompressed and returned to 
condenser 33. 
The chamber of unit 39 is shown provided with 

a valve controlled inlet 47 and a valve controlled 
outlet 48, whereby a suitable liquid cooling me 
dium maybe circulated through unit 39 and con 
veyed to any desirable place of use; the medium 
being made to flow in heat exchange relation 
with the tubes or coils in evaporator 39 and the 
liquid receiver or cooling element 38. ? 
A conduit connection 49 is disposed intermedi 

ate of conduit 37 and pipe 44; and this connec 
tion 49 is shown provided with valves 50 and 5; 
while conduit 37 is shown provided with a valve 
52 and conduit 43 is shown provided with a 
valve 53 adjacent to pipe, 44. 

It is apparent that when valve 52 and valve 
53 are closed and valves 50 and 5 are opened, 
the liquid refrigerant coming from conduit 36 
will be made to flow into pipe connection 49 and 
conveyed to pipe 44 and expanded into header 
40 of unit 39. 

Interposed between conduit 36 and pipe con 
nection 49 is a by-pass line 54 provided with a 
liquid refrigerant pump 55. The by-pass 54, on 
opposite sides of pump 55 is shown provided with 
valves 56, 56, which must both be open when 
pump 55 is in use. - 
Conduit 36, at a point intermediate by-pass S4 

and conduit 37, is shown provided with a valve 
57. It is apparent that when valve 57 and valve 
5 are closed, with valves 56, 56, 50, 52 and 53 
open, the liquid refrigerant will be boosted by 
pump 55 and made to flow through conduits 54, 
49, 37, cooling element 38, conduit 43 into pipe 
44 and expanded through expansion valve 45. 
On the other hand if the liquid refrigerant is 

not to be further cooled by element 38, valves 
57 and 50 and 53 are closed, while valves 56, 56, 
5 and expansion valve 45 are opened, thus caus 
ing the "boosted' liquid refrigerant to be dis 
charged by pump 55 into by-pass 54 and into 
connections 49 and 44 and through expansion 
valve 45. 

In Fig. 3 I show a modification of the system 
wherein the apparatus may be used as a double 
stage refrigeration System; or the apparatus may 
be used for condensing and cooling purposes of 
carbon dioxide gas or other refrigerants, under 
low and high pressures. 
The apparatus of this modified system involves 

the compressor f0, which is connected by con 
duit I la with a header 15a - at one end of the 
condenser 2; which condenser may be cooled 
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,198,88 
duced through inlet 3 and withdrawn through 
outlet f4. The condenser f2a may be horizon tally disposed. 
The condenser 2 of Fig. 3, like the condenser 

shown in Fig. 1, is preferably provided at oppo 
site ends with headers or manifolds which are 
connected to each other by suitable numbers of 
tubes or coils as indicated at 7 arranged in 
slightly spaced relation and disposed through 
the chamber within the condenser housing 
through which any suitable.cooling medium may 
be circulated as heretofore stated. 
The header 6 receives the condensed refrig 

erant from coils or pipes 7 and discharges same 
into conduit 8. The conduit 8a, like in the 
previously described construction, is shown con 
nected with a liquid receiver or liquid cooler elle 
ment f8 which extends into and is located in the 
combined condenser, evaporator and liquid cooler 
unit 20 and preferably adjacent the discharge 
end of the refrigerator element or elements 2. 
The flow of the liquid through the cooling element 
9 is controlled by the valves 22 and 23, 23. With 

this arrangement, when valve 22 is closed the 
liquid refrigerant from conduit 8 will be made 
to flow through the element 9 and then returned 
to the conduit 24 by which it is conveyed to ex 
pansion valve 25 arranged at the inlet end or 
header of the unit 20. The liquid or refrigerant 
is evaporated or expanded into the header 26 
and arranged to evaporate in tubes 2 by which it 
is conveyed to header 27 a from whence it is with 
drawn by a conduit 28 which is connected with 
the Suction side of compressor for where the gas 
is recompressed and returned to condenser unit 
2a. 
These elements, like in the previously described 

apparatus, constitute a primary refrigeration 
cycle. h- 

The chamber in the unit 20, at points interme 
diate of the headers or manifolds 268 and 2.7a, is 
provided with valve controlled inlet 29s and valve 
controlled outlet 30 whereby any suitable medi 
um may be circulated through the unit 20a in 
heat exchange relation with the evaporating ele 
ments 28 and the cooling element 9 as well as 
the condensing element now to be referred to. 
A secondary or low temperature refrigeration 

cycle, provided by my improved apparatus, in 
volves a compressor 3 provided with conduit 32A 
which conveys the compressed refrigerant to a 
condenser element or elements 33 located in unit 
20. The unit 20 is substantially similar to the 
construction shown in Fig. 2 with a plurality of 
condenser coils 33 whose inlet ends communicate 
with the manifold or header 34 while the outlets 
ends of said coils are connected with manifold 
or header 35 which latter is connected. With a 
conduit 58 which, in turn, connects with a liquid 
refrigerant pump 59 whose discharge end in turn 
is connected with conduit 60. Conduit 60 is 
shown connected with a manifold or header 6 of 
a series of liquid cooling tubes or coils 62 disposed 
throughout the length of a cooler and evaporator 
unit 63. The outlet ends of the liquid tubes or 
coils 62 are shown connected with a suitable 
manifold or header 64. The manifold or header 
64 is shown provided with a valve controlled dis 
charge conduit 65 whereby the cooled medium, for 
example carbon dioxide, coming from cooling coils 
62, may be conveyed to distant points or to dry 
ice or Solid carbon dioxide making apparatus. 
Conduit 65, intermediate the header or manifold 
64 and the valve 66, is connected with a conduit 
67 having a valve 68, and conduit 67 in turn is 

3 
connected with pipe 69 provided with expansion 
valve 7 Connected with the inlet header or mani 
fold Tl at one end of undt 63. The expanded 
liquid is evaporated through tubes or coils 72 
which extend from header 7 to the header 73 at 
the opposite end of the unit. 
The header or manifold 73 is provided with a 

conduit 74 which connects with the suction side 
of compressor 3?. 
The discharge end of liquid pump 59 is also con 

nected with a pipe line 75 which connects with 
pipe 76, one end of which communicates with the 
connection of pipes 67 and 69, thus permitting 
liquid to flow, under high pressure through pipes 
75 and 76 and be commingled with the still lower 
temperature liquid coming through pipe 67 from 
the condenser coils 62 before passing through ex 
pansion valve 70. Conduit 58, in advance of its 
connection with pump 59, is shown provided with 
a by-pass conduit 77 which connects with the 
juncture between pipes 75 and 76. A portion 
of said liquid under relatively low pressure is con 
veyed through coils or tubes 62 while the other 
portion may be conveyed to the expansion valve 
70 and the evaporated gas withdrawn as here 
tofore mentioned; while the low temperature and 
low pressure liquid coming from coils or tubes 62 
may be discharged through conduit 65 and valve 
66 (if the latter is open) for the purpose as here 
tofore mentioned. 

In order to induce the liquid to flow in the man 
ner as heretofore described, conduit 58, in ad 
vance of pump 59, is shown provided with a valve 
T8; by-pass 77 is provided with a valve 79; while 
conduit 75 is shown provided with a valve 80 and 
conduit 60 provided with a valve 8 and conduit 
6 with a valve 82. 
It is apparent that when it is desired to employ 

the liquid pump 59, valve 78 must be open, valve 
79 closed while valves 80 and 8 are open, as well 
as valves 82 and 68, thus causing a portion of the 
liquid to flow through conduit 60 into cooling coil 
62 while another portion of the liquid will flow 
directly through pipe 75 into pipe 76 and be com 
mingled with the pre-cooled liquid from coil 62 
coming through conduit 67 and the pre-cooled 
liquid expanded through valve 70 into unit 63. 
With the arrangement just described, a portion 

of the liquid coming through by-pass T may be 
conveyed by connection 75 into conduit 60 and 
caused to pass through coils 62, while a portion 
of said liquid may be conveyed by connections 76 
and 67 to discharge conduit 65 where the liquids 
of different temperatures are commingled and 
conveyed to the desired point of use. 
Upon closing valves 80 and 68 with valves 78, 

79, 82, and 8 open, a portion of the liquid coming 
from the manifold 35 will flow under low pres 
sure through by-pass 77, conduit 76 and pipe 69 
into expansion valve 70 and be expanded into unit 
63 from whence it is withdrawn through conduit 
74 by compressor 3; while another portion of 
the liquid coming from pump 59 passes through 
conduit 60 into the cooling coil 62 and is conveyed 
through pipe 65 and valve 66 for purposes as here 
tofore mentioned. 
The by-pass 77 is shown connected to a pipe 

83 with a valve 84 whereby low temperature liquid 
under low pressure may be drawn of for use, for 
example, in dry ice making apparatus for refrig 
erating or freezing the high pressure low tempera 
ture liquid refrigerant coming from conduit 65. 
The gas, which is evaporated in the dry ice mak 
ing machinery may be returned to my apparatus 
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conduit 14. A new Supply of gases for replenish 
ing the refrigerant supply may be introduced by 
means of valve 87 arranged in a coupling or Con 
nection 88 on the suction side of compressor 3. 
The unit 63 at opposite ends, like unit 39, is 

shown provided with a valve inlet 4a and a valve 
controlled outlet 48, this inlet and outlet coma 
municating with the chamber of the unit 63 to 
permit the introduction of any suitable medium, 
such as brine and the like, to be used as a heat 
exchange medium for the tubes or coils 62, be 
cause the medium introduced through inlet 47 
would surround the evaporation tubes 2 and the 
tubes or coils 62. 

It is apparent that upon merely closing valves 
68, 8, that unit, 63 may then be transformed into 
a refrigerating unit of a single stage or double 
stage System; and brine or any suitable medium 
may be circulated through the refrigerating unit 
in contact with the evaporator tubes. 

In Fig. 4 I illustrate a still further modifica 
tion of my improved apparatus and method of 
operation, wherein 89 is a combination gas cooler 
and condenser unit for different refrigerants; 
the unit being provided at Opposite ends with 
suitable manifolds or headers as at 90 and 9 
connected with each other by a Suitable number 
of coils or pipes 92. The gas is compressed by 
compressor Ob and introduced into header or 
manifold 90 by conduit 93 and into the tubes or 
coils 92 before being discharged into header 9 
from whence the condensed liquid refrigerant is 
taken by conduit 94 which leads to a pre-cooler 
95 arranged in the header 96 of a unit 97. The 
opposite end of pre-cooler 95 is connected with a 
conduit 98 which leads to an expansion valve 99 
arranged at the inlet of header 100 at the oppo 
site end of unit 97. The gas is evaporated 
through tubes or coils f G in unit 9, conveyed 
into header 96 and taken off by conduit (02 which 
leads to the suction side of compressor i Ob. The 
apparatus thus far described constitutes one cycle 
of operation. 
A second closed refrigeration cycle involves 

compressor 3 lb which is provided with discharge 
conduit O3 whereby the compressed gas refriger 
ant is conveyed to a header or manifold 04 ar 
ranged at the inlet ends of the cooling tubes or 
coils 95 arranged in the combination gas cooler 
and condenser unit 89. The pre-cooled gas from 
the cooling coils 05 is discharged into a header 
or manifold 06 and thence into conduit fos 
which is provided with valves f O8 and 09. 
The conduit fol, at a point intermediate of 

valves O8 and 09, is provided with a branch 
f) which leads to a header or manifold ar. 

ranged at the inlet ends of the low temperature 
condenser tubes or coils 2 which are arranged 
in unit 9 disposed intermediate of the various 
sets of evaporating tubes of in said unit; the 
condenser coils 2 being arranged in the cham 
ber of the unit 97 intermediate of the headers at 
opposite ends. The outlet ends of the condenser 
coils 2 are shown connected to a header or 
manifold 3 connected to a conduit 4 which 
leads to a liquid refrigerant pump 5 which, in 
turn, is provided with a discharge conduit. 6 
leading to a pre-cooler element 7 arranged in 
the header 8 of evaporator unit 9. The pre 
cooler element has its opposite end con 
nected with a conduit 20 which leads to conduit 
2f provided with expansion valve 22 arranged 
at the inlet end of header or manifold 23 of 
unit f 9. The liquid gas discharging into header 
23 is evaporated through the tubes or coils 24 

2,195,228 
arranged intermediate the two headers 23 and 

8. The evaporated gas from header f is 
taken by conduit 25 to the suction side of com 
pressor 3 lb. The evaporator unit if 9 is provided 
with a plurality of tubes or coils 26 which are ar 
ranged intermediate the various sets of evapo 
rator tubes 24 in unit f 9; the inlet ends of the 
coils being shown provided with header or mani 
fold 27 which is shown connected with a valve 
controlled inlet conduit 28; while the outlet 
ends of the coils 26 are shown connected with a 
manifold or header 29 which likewise is connect 
ed with a valve controlled outlet 30. 
Any suitable medium to be condensed or liquid 

to be cooled is introduced through conduit 28 
into manifold. 27 and through the coils or tubes 
26 from whence it is discharged into manifold 
or header 29 and take-off conduit 30 to any 
desired place of use, 
The chamber of the unit 9, at spaced apart 

points throughout its length, is shown provided 
with valve controlled inlet 3 and a valve con 
trolled outlet 32 whereby any suitable medium 
to be cooled, such as brine and the like, may be 
introduced into the chamber portion in heat ex 
change relation with the evaporator tubes and 
taken off by valve controlled conduit 32. At 
points intermediate the valve controlled inlet and 
Outlet, the unit i? 9 is shown provided with valve 
controlled connections 33 and 34 whereby the 
medium, for example, brine, introduced through 
valve controlled inlet. 3, may selectively be 
withdrawn from the chamber of unit 9 at var 
ious points, as for example either at outlet 33, 
134 or 132, and brine, or any other fluid, of dif 
ferent temperatures, may be available depending 
upon the use to which the same is to be put. The 
unit 9 is also shown provided with a valve con 
trolled inlet 35 preferably arranged closer to the 
coldest end of unit 9 than inlet 3. The inlet 
35 is for the purpose of introducing brine from 
a point of use, but which is of a lower tempera 
ture than the brine entering through conduit 3 
so as not to come into immediate contact with the 
discharge ends of the evaporator tubes or coils 24 
and with the brine coming in through valved inlet 
3, or to immediately mingle with the brine of 
higher temperature entering through inlet f3. 
The pre-coolers 95 and if, as shown and de 

scribed, are both arranged in the discharge head 
ers or units 97 and 9 respectively, where they 
are merely in heat exchange relation with the 
discharging evaporated gas and not in heat ex 
change relation with the cooling mediums in the 
chambers of said units and with the coils therein. 
The unit 97 at opposite ends is shown provided 

with a valve controlled inlet 36 and a valve con 
trolled outlet 37 for the purpose of introducing 
a suitable medium into the chamber of the unit, 
such as brine and the like, which may either act 
as a heat transfer medium; or the medium may 
be used as a cooling medium for the condenser 
elements ff2, if said unit is merely employed as a 
condenser in a single stage System; or may be cir 
culated therethrough for outside uses. In this 
instance, if brine is lead through unit 97, it will 
constitute a combined evaporator, low tempera 
ture condenser and cooler unit. 
The chamber of unit 89, at opposite ends, is 

also shown provided with a valve controlled inlet 
38 and a valve controlled outlet 39 whereby 
any suitable cooling medium may be introduced 
into the chamber of unit 89 in contact with the 
condenser tubes and gas cooling tubes or coils. 
The liquid cooling element 95 is shown pro 
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2,195,928 
vided with valves 40, 40 for disconnecting the 
cooler 95; while conduit 98, intermediate the ends 
of the pre-cooler coil 95, is shown provided with 
a valve 4f. 
With this arrangement, it is apparent that 

with valves f40, 40, open and valve 4f closed, 
the liquid refrigerant from conduit 94 will be 
made to pass through the pre-cooler 95 before 
being discharged into conduit 98. On the other 
hand, with valves 40, 40 closed and valve f4 
open, the liquid refrigerant from conduit 94 will 
be made to pass directly into conduit 98 and be 
delivered to expansion valve 99. 
The gas cooler in unit 89 may be disconnected 

from the system by closing valve 42 and closing 
valve 108 at the outlet header f06; while with 
valves 43 and fo9 in conduit 07 open and a 
valve l'44 in branch pipe 0 open, the com 
pressed gas coming from compressor 3 lb will be 
caused to flow through conduit O3, conduit 07 
and be delivered into header fff, into coil or 
tubes 2 where it is condensed and the liquid 
made to flow as heretofore described. 
Conduit fo, at a point intermediate valves 
09 and 43, is shown provided with a branch 

conduit 45 which is shown connected with con 
duit I 18 and also with conduit I.20; the brainch 
conduit 45, in advance of its connection with 
conduit ff, having a suitable valve 46 and at 
a point intermediate the connection of conduits 
4 and 20 provided with a valve 47. With this 

arrangement the coil or coils O5 in unit 89 may 
then function as a condenser and the liquid re 
frigerant then conveyed from discharge header 
06 by conduit 07 to branch conduit 45 which 

connects with conduit 2 leading to expansion 
valve 22 of unit 9. 

In order to induce this flow, valve 44 is closed, 
valve 109 opened and valve 43 closed; a valve 48 
in branch conduit 45 opened, as are also valves 
46 and 47; while a valve 49 in conduit f4 and 
a valve 50 in conduit 20 are closed. The con 
densed liquid refrigerant is expanded into header 
23 of unit f9 and taken from the Outlet header 
8 by conduit 25 connected with the suction or 

low pressure side of compressor 3; the re-com 
pressed refrigerant or gas being then conveyed 
by conduit 03 into header 04 connected with 
the coils or tubes O5 of unit 89. 
Conduits 4 and 20 are shown connected by 

a branch pipe 5 provided with a valve f32; said 
connection being adjacent to the discharge , 
header or manifold 3 of condenser coils f2 
and unit 97; and the connection between the 
manifold or header 3 and conduit 4 is also 
shown provided with a valve 53. With this ar 
rangement, the liquid refrigerant coming from 
rri or coils O5 in unit 89 will be conveyed from 
rischarge header f06 by conduit 0 (assuming 
that valve 44 is closed) into branch pipe .45 
and by closing valves 47, 52 and 53, the liquid 
refrigerant is made to flow upwardly through 
conduit 4 to pump 5 into conduit f6 which 
connects with pre-cooler element fl. 
The inlet and outlet ends of pre-cooler f. 

are provided with valves 54, 54 so that the pre 
cooler unit 7 may be disconnected from the 
swstem by closing said valves and opening a valve 

5 in conduit f20. 
If the pre-cooler element fit is not desired, 

the "boosted' refrigerant from pump f5 com 
ing through conduit 6 will be made to flow 
down through conduit 20 which connects with 
conduit 2 leading to expansion valve 22 and 
the refrigerant expanded into header 23 of unit 

5 
9. The expanded refrigerant coming from dis 

charge header 8 is conveyed by conduit 25 
connected with the suction or flow pressure side 
of compressor 3 and is then re-compressed and 
conveyed by conduit iO3 to header 104; it being 
understood, of course, that valve 43 is closed. 
Where it is not desired to “boost" the pressure 

of the liquid refrigerant, provision is made by 
means of a by-pass 56 around the pressure 
pump 5; the conduit 4 in advance of the 
preSSure pump having a valve 57 and conduit 
f6 on the discharge side of the pump having 

a valve 58, while the by-pass is shown provided 
with a valve (59. With this arrangement, valves 
57 and 58 may be closed and valve (59 opened, 

O 

5 thus eliminating the pressure pump 5 and al- . 
lowing the liquid coming from conduit to 
flow through by-pass f$6 into conduit f6 which 
connects with pre-cooler fit, and the pre-cooled 
liquid refrigerant to be conveyed by conduit 20 
to conduit 2 f which connects with expansion 
valve f22, allowing the liquid refrigerant to evap 
orate through the tubes or coils of unit 9 and 
be withdrawn therefrom by conduit 25 con 
nected with the suction or low pressure side of 
compressor 3 lb. 
The cycle that has just been described con 

stitutes a single stage system which comprises a 
compressor, a condenser, a liquid refrigerant 
pump, a pre-cooler, an expansion valve and evap 
orator element, all arranged substantially in the 
order named, the system also involving a by-pass 
whereby the liquid pump may be eliminated, to 
gether with arrangements whereby the pre-cooler 
may be eliminated, this single stage system as 
just defined involving elements. O5, unit 89 and 
unit f 9 with compressor 3 lb. 
A second single stage system, independent of 

the other mentioned system, is provided with my 
improved apparatus and involves compressor Ob, 
condenser tubes or coils 92 of unit 89, pre-cooler 
95, expansion valve 99 and evaporator tubes of 
of unit 97 with the discharge conduit O2 con 
nected with the suction or low pressure side of 
compressor ?o. The liquid to be cooled in unit 
97 may be introduced into the chamber thereof 
through valve controlled inlet 36 and may be 
withdrawn therefrom through valve controlled 
outlet 3. In the case just mentioned, the tubes 
or coils of act as evaporator tubes and unit 9T 
therefore acts as a refrigerator only. The pre 
cooler element 95 may be eliminated as hereto 
fore described. 

It will be noted that these two single stage 
systems just described work independently of 
each other and may work with different refriger 
ants; and that unit 89 acts as a double condenser 
for the different refrigerants of both systems. 
This condenser may be cooled by fresh water or 
anv other suitable medium. 
The apparatus shown also provides another 

single stage system which involves compressor 
3, coils or tubes, constituting condenser tubes 
in this instance, arranged in unit 97, pre-cooler 

l, expansion valve 22 and evaporator tubes in 
unit fl.9; the discharge ends of evaporator tubes 
in unit 9 having communication with the suc 
tion or low pressure side of compressor 3 lb by 
conduit 25; the compressed refrigerant being 
conveyed by conduit 03 into the header of 
condenser coils or tubes f2. In order to provide 
this path for the refrigerant, valves 42, 48,08, 
49, 52, 59, 55 and 47 are closed; while valves 
43, 09, f44, 53, f 57, 58, both valves 54 and 
50 are open. 
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The condenser tubes or coils 2 in unit 3 may 

be cooled by any suitable medium introduced 
through valve controlled inlet 36 and the medium 
withdrawn from the chamber of unit 9 by means 
of valve controlled outlet f3. Where it is desired 
not to further "boost' the pressure of the liquid 
refrigerant, pump 5 may be eliminated through 
the closure of valves 57 and 58 and opening 
valve 59 in by-pass 56. 
At the same time, pre-cooler may be elim 

inated in this circuit by closing valves 56, 56. 
and opening valve 55, thus causing the "boosted' 
refrigerant to pass directly into conduit 20 from 
conduit 6. 

Furthermore, the pressure pump 5 and the 
pre-cooler T may both be eliminated from this 
system so that the discharging liquid refrigerant 
coming from header i 3 may be made to flow di 
rectly toward expansion valve 22 by closing 
valves 49, 57, 59, 50 and 47; while valves 53 
and 5 are Open. 
This causes the liquid refrigerant to flow di 

rectly from the discharge header 3 into conduit 
20 leading to conduit 2 and to expansion valve 
22. 
The single stage system just described provides 

a low pressure or normal phase and a high pres 
sure phase, because the liquid is condensed under 
normal pressure in coils 2 and the oncoming 
“boosted' liquid then further cooled before ex 
pansion by the expanding gas in unit 9. 
The refrigeration system or cycle just described 

does not include unit 89. On the other hand, 
unit 97 may be entirely disconnected from the 
system, and one set of tubes or coils in unit 89 
used as a condenser in connection with the evap 
orator elements of unit 9 and compressor 3fb; 
this circuit involving compressor 3b, conduit O3, 
header 04, coil or coils 05, discharge header 6, 
conduit OT, branch pipe 45 and expansion valve 
22 of the evaporator unit 9. In this instance, 
of course, valves 43, 44, 49 and 50 are closed. 
Should it be desired to further "boost' and pre 
cool the liquid refrigerant, valves 53, 59, 155 
and 52 are closed, while valves 42,08, 109,48, i. 
46, 49, fs, 58, 54 and 50 are open. 
If it is desired to pre-cool and not to "boost' 

the liquid refrigerant, then valves 5 and 58 
are closed and valve 59 opened allowing the 
liquid refrigerant to by-pass the pump. 
On the other hand, if it is desired to "boost' 

the pressure and not to pre-cool this liquid, then 
valve 59 and valves 54,54 are closed and valve 
55 opened, causing the "boosted" liquid refrig 
erant to be discharged into conduit 20, 2 il cor 
nected with expansion valve 22. 
Another single stage system is provided which 

may eliminate the use of unit (9; this system involving compressor Ob, tubes or coils 92 cunit 
89, discharge 94, pre-cooler 95, conduit 98, expan 
sion valve 99, evaporator tubes or coils 0 and 
discharge conduit O2, connected with the suction 
or lower pressure side of compressor Ob. The 
medium to be cooled may be conveyed into the 
chamber of unit 97 through valve controlled inlet 
36 and discharged through valve controlled out 

let (37. In order to provide this circuit for the 
refrigerant, it is apparent that valve 4 is closed, 
while valves 40, 40 are open with expansion valve 
99 being also open. If the pre-cooler 95 is 
be eliminated, then valves f40, 40 are closed ar. 
valve 44 opened. 
When the entire system is in operation, differ 

ent refrigerants may be employed, as for example 
75 ammonia, or similar refrigerants condensing un 
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der relatively low condenser pressure, employed in 
the first or primary cycle, and carbon dioxide, 
or similar refrigerants of low boiling point con 
densing under relatively high pressure under nor 
nal temperature, may be employed in the second 5 
or low temperature cycle; or ammonia or similar 
refrigerants may be employed in both cycles, de 
pending upon the work to be accomplished or 
conditions under which the system is being oper 
ated; as set forth in my previously filed appli 
cations. 

It is understood that if the entire system is 
in Operation the high boiling point refrigerant 
is condensed in tubes 92 of unit 89 and expanded 
in tubes foll of unit 97; while the low boiling point 
gas refrigerant may first be cooled in coils 05 
of unit 89, further cooled in coils 2 of unit 97 
and evaporated in the tubes of unit 9. The 
initial gas cooler 05 may be disconnected from . 
this circuit so that the low temperature exhaust 20 
from unit 9 may be directly conveyed into coil 
2 of unit 9. 
It is to be understood that I do not limit myself 

to the use of a volatile refrigerant, but any other 
refrigerant may be used including one which con 
denses under atmospheric pressure and temper 
ature, especially where the apparatus is intended 
to be used as a single phase system and in smaller 
units. ?? ???? ?? 
While I have shown and described my invention 

and the arrangements of elements in the separate 
units, I do not wish to limit myself to the ar 
rangements as shown. If the separate systems 
are, however, constructed and operated and no 
brine or other fluids are passed through the cham 
bers of units 20, 20a, 97 and 9, the vertically 
arranged tubes may be eliminated and the liquid 
refrigerant may be directly vaporized in the 
chambers of Said units. 

Furthermore, if the systems are constructed, 
however, to cool fluids in said chambers, coils of 
any desired form, shape or make may be used 
and substituted and arranged in any desired 
manner in place of the vertically arranged tubes 
and liquid refrigerant vaporized in said coils. 
Since I have shown coils and tubes in my con 
denser 98, Fig. 4, I do not wish to be limited to 
this construction because coils may be substituted 
for the vertically arranged tubes either in inter 
mingled relation with the other coils, or the coils 
of both circuits may be arranged one above the 
other or in any other desired manner. 

It will be obvious to those skilled in the art 
that various changes may be made in my devices 
without departing from the spirit of the invention 
and I therefore do not limit myself to what is 
shown in the drawings and described in the spec 
ification, but Only as set forth in the appended 
claims. 

claim: 0. 
1. A refrigerating system comprising, in com 

bination, a primary refrigerating circuit includ 
ing a compressor, a condenser, an expansion valve 
and an evaporating element connected in a closed 
circuit, and a second lower boiling point refrig 
erant circuit including a compressor, a condenser 
cooled by said primary circuit, a liquid receiving 
and cooling element and an expansion valve and 
an evaporator connected in a closed circuit, said 
cooling element and said evaporator being located 
in a housing, and means for circulating a me 
dium to be cooled over said cooling element and 
said evaporating elements. 

2. A refrigerating System comprising, in com 
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ing a compressor, a condenser, an expansion 
valve and an evaporator connected in a closed 
circuit, and a second circuit employing a refrig 
erant of lower boiling point, including a compres-, 
sor, a condenser cooled by Said primary circuit 
and an evaporator unit connected in a closed 
circuit, said last mentioned evaporator unit com 
prising a housing, a liquid receiving and cooling. 
element, an expansion valve and evaporating ele-- 
ments closely adjacent to said cooling element, 
the cooling element and said evaporating ele 
ments being located in said housing and having 
communication with the discharge of the sec 
Ond mentioned condenser and the expansion 
valve, valve controlled connections at the inlet 
and outlet ends of said cooling element whereby 
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the lower boiling point refrigerant from the sec 
ond-mentioned condenser may be conveyed di 
rectly to the expansion valve of the second 
mentioned evaporator unit, and means for cir 
culating a medium to be cooled over said cooling 
element and said evaporating elements. 

3. A refrigerating system comprising, in com 
bination, a primary circuit employing a refrig 
erant of high boiling point and including a com 
pressor, a condenser, a liquid cooling element, an 
expansion valve and evaporating elements con 
nected in a closed circuit in the Order named; 
and a second circuit employing a refrigerant of 
lower boiling point and including a compressor, 
a condenser cooled by Said primary circuit, an 
expansion valve and an evaporator connected in 
a closed circuit in the Order named; the liquid 
cooling element of said primary circuit and the 
condenser of said second circuit and the evapor 
ating elements of the primary circuit being in 
corporated in a single closed housing and in heat 
exchange relation. 

4. A refrigerating system comprising, in com 
bination, a primary circuit employing a refriger 
ant of high boiling point and including a com 
pressor, a condenser, a liquid receiving and cool 
ing element, an expansion valve and evaporat 
ing elements connected in a closed circuit in the 
order named; and a second circuit employing 
a refrigerant of lower boiling point and includ 
ing a compressor, a condenser cooled by Said 
primary circuit, a liquid receiving and cooling, 
element, an expansion valve and evaporating 
elements connected in a closed circuit in the 
order named; the liquid receiving and cooling 
element of said primary circuit, the Condenser 
of the second circuit and the evaporating ele 
ments of the primary circuit being incorporated 
in a single closed housing and in heat exchange 
relation, while the liquid receiving and cooling 
element of the second circuit and the evaporating 
elements of the second circuit are incorporated 
in a single closed housing and in heat exchange 
relation. . 

5. A refrigerating system for low temperature 
and quick freezing refrigeration involving a Com 
pressor, a condenser, liquid refrigerant pressure 
boosting means, a liquid receiving and cooling 
element, an expansion valve and an evaporating 
element arranged in a closed circuit in the Order 
named, means for further cooling the liquid in 
said cooling element; valved controlled connec 
tions intermediate of the condenser, Said liquid 
refrigerant pressure boosting means, said cool 
ing element and said expansion valve whereby the 
direction of flow of the refrigerant relative to 
said means, cooling element and said expansion 
valve may be controlled; and a closed refrigerat 
ing circuit adapted to cool said condenser. 

7 
6. A refrigerating System comprising, in com 

bination, a primary circuit employing a refrig 
erant of high boiling point and including a com 
preSSOr, a condenser, an expansion valve and 
evaporating elements connected in a closed cir 
cuit in the order named; and a second circuit 
employing a refrigerant of lower boiling point 
and including a compressor, a condenser cooled 
by said primary circuit, liquid pressure boosting 
means, a liquid receiving and cooling element, an 
expansion valve and evaporating elements con 
nected in a closed circuit in the order named, 
the liquid cooling element and the evaporating 
elements being incorporated in a single housing 
and in heat exchange relation. 

7. A refrigerating system comprising, in com 
bination, a primary circuit adapted to employ a 
refrigerant of high boiling point and involving 
a compressor, a condenser, an expansion valve 
and evaporating elements connected in a closed 
circuit in the order named; and a second circuit 
adapted to employ a refrigerant of lower boiling 
point and including a compressor, a condenser 
cooled by said primary circuit, liquid pressure 
boosting means, a liquid receiving and cooling 
element, an expansion valve and evaporating ele 
ments connected in a closed circuit in the order 
named, means arranged for further cooling the 
liquid in said cooling element; and a valve con 
trolled by-pass whereby said liquid pressure boost 
ing means may be operatively disconnected from 
said Second circuit. ? 

8. A refrigerating system for low temperature 
and quick freezing refrigeration involving a com 
preSSOr, a condenser, liquid pressure boosting 
means, a liquid receiving and cooling element, 
an expansion valve and evaporating elements 
arranged in a closed circuit in the order named, 
the cooling element and the evaporating ele 
ments being arranged in heat exchange relation, 
valve controlled arrangements whereby the liq 
uid cooling element may be operatively discon 
nected from said circuit and the refrigerant made 
to flow directly to said expansion valve; and a 
closed refrigeration circuit adapted to cool said 
conden Ser. 

9. A refrigerating System comprising a com 
pressor, a Condenser, a liquid pressure pump for 
boosting the pressure of the liquid refrigerant, 
a liquid receiving and cooling element, an ex 
pansion valve, an evaporating element arranged 
in a closed circuit in the order named, the cool 
ing element and said evaporating elements are 
arranged in heat exchange relation, and valve 
controlled connections whereby the liquid pres 
Sure pump and the liquid cooling element may 
be either singly or jointly operatively disconnect 
ed from said circuit at the will of the operator. 

10. In a refrigerating system, a housing de 
fining a chamber, an evaporating element ar 
ranged in said chamber, an expansion valve com 
municating with the inlet of said evaporating 
element, a condenser element arranged in said 
chamber, means for introducing and withdraw 
ing a fluid medium into and from said element, 
a liquid receiving and cooling element arranged 
in said chamber, the discharge end of said ele 
ment communicating with the expansion valve 
intermediate of said evaporating element, and 
means for circulating a fluid medium through 
the chamber of said housing in heat exchange 
relation with all of Said elements. . 

11. A refrigerating System involving, in con 
bination, a refrigerating circuit employing a re 
frigerant of low boiling point and comprising a 
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coinpressor, a low pressure and low temperature 
condenser, a liquid pressure pump, liquid receiv 
ing and cooling means, an expansion valve, and 
evaporating elements arranged in the order 
named to form a closed refrigerating circuit, the 
cooling Ineans and said evaporating elements be 
ing arranged in a housing in heat exchange rela 
tion with each other; a valve controlled connec 
tion intermediate of said condenser and the pump 
whereby liquid under low pressure and of low 
temperature from said condenser is available for 
other purposes; a valve controlled connection at 
the discharge end of said cooling means whereby 
liquid under high pressure and at a lower tem 
perature is available for other purposes; and a 
closed refrigeration circuit employing a re 
frigerant of higher boiling point adapted to cool 
said condenser. 

12. A refrigerating system involving, in con 
bination, a refrigerating circuit employing a re 
frigerant of low boiling point and comprising a 
compressor, a gas-cooled condenser, a liquid pres 
Sure pump, liquid receiving and cooling means, 
an expansion valve, a refrigerating evaporator 
connected in a closed circuit, the cooling means 
and said evaporator being arranged in a single 
closed housing in heat exchange relation with 
each other, a valve controlled connection inter 
mediate of said condenser and said pump whereby 
liquid under low pressure and low temperature 
from said condenser is available for other pur 
poses, a valve controlled connection between the 
pump and said expansion valve whereby the path 
of the boosted liquid may be determined, a valve 
controlled connection at the discharge end of said 
cooling means whereby liquid under high pressure 
and at a lower temperature is available for other 
purposes, and valve controlled connections Com 
municating with the inlet side of said compressor 
whereby evaporated refrigerant and additional re 
frigerant may be conveyed to the compressor. 

13. In a refrigerating system, a housing de 
fining a chamber comprising headers at opposite 
ends, a plurality of evaporating elements connect 
ing the headers at opposite ends, an expansion 
valve communicating with the inlet header, a 
plurality of cooling elements arranged in said 
chamber in heat exchange with said evaporating 
elements, valve controlled means whereby said 
cooling elements may be operatively disconnected, 
a liquid receiving and cooling element arranged 
in the header at the discharge ends of the 
evaporating elements, valved connections between 
said element and the expansion valve, and means 
for circulating a fluid medium through said cool 
ing chainber. 

14. The process of refrigeration which con 
sists in congressing, condensing and vaporizing 
a refrigerant of relatively high boiling point in a 
continuous cycle, compressing, condensing andi 
liquefying a refrigerant of low boiling point at 
relatively ow condenser pressure by utilizing the 
refrigeratig action of the high boiling point re 
frigerant for condensing the refrigerant of low 
boiling point, boosting the pressure of the cold 
liquid refrigerant of low boiling point, vaporizing 
said liquid refrigerant of low boiling point and 
utilizing the expanding refrigerant of low boiling 
point to pre-cool oncoming liquid refrigerant of 
low boiling point before expansion, returning the 
vaporized refrigerant for recompression and re 
condensing under low condenser pressure, and 
circulating a fluid medium to be cooled in heat 
exchange relation with the vaporized and pre 
cooled high pressure liquid refrigerant. 

2,195,228 
5. A two stage refrigerating system involving, 

in combination, a primary circuit comprising a 
COInpreSSOr, a condenser, liquid cooler, expansion 
valve and an evaporator, arranged in the Crder 
named to form a closed refrigeration circuit; a 
Second circuit comprising a compressor, a gas 
Cooler, a condenser, a liquid cooler, an expansion 
valve and an evaporator, arranged in the order 
named to form a closed refrigeration circuit; 
Said gas cooler of the second circuit and the con 
denser of the primary circuit being incorporated 
in a closed housing, means whereby a cooling 
medium may be circulated through said housing; 
the condenser of the second circuit and the liquid 
cooler and the evaporator of the primary circuit 
being incorporated in a closed housing; the liq 
uid cooler and the evaporator of the second cir 
cuit being incorporated in a closed housing. 

16. A two stage refrigerating system involving, 
in combination, a primary circuit comprising a 
compressor, a condenser, a liquid cooling element, 
an expansion valve and an evaporator provided 
with headers at opposite ends, all of the elements 
being arranged in the order named to form a 
closed refrigeration circuit; a second circuit using 
low boiling point refrigerant and comprising a 
compressor, a condenser, a liquid cooler, a liquid 
cooling element, an expansion valve and an 
evaporator provided with headers at opposite 
ends, said elements being arranged in the order 
named to form a closed refrigerating circuit; the 
condensers of the primary and of the second 
circuits being enclosed in a single closed housing 
and permitting operation with different re 
frigerants; the liquid cooler of the second cir 
cuit and the evaporator of the primary circuit 
being enclosed in a single housing; the first men 
tioned liquid cooling element being arranged in 
one of the headers of the evaporator of the 
primary circuit; and the second liquid cooling 
element being arranged in one of the headers of 
the evaporator of the second circuit. 

17. In a refrigerating apparatus, a housing, 
defining a chamber and provided with headers at 
Opposite ends, evaporating elements, tubes or 
coils disposed through the chamber and com 
municating with both of said headers, and aliquid 
refrigerant receiving and cooling element ar 
ranged in One of the headers of said housing and 
having valve controlled communication with the 
other header. 

18. A refrigerating apparatus comprising a 
vertically arranged closed housing defining a 
chamber provided with a header at the upper 
end, an exhaust discharge conduit connected to 
said header and communicating with the interior 
of said header, evaporating elements disposed 
through the chamber and communicating with 
Said header, expansion lineans adjacent the inlet 
of said evaporating elements, a liquid refrigerant 
receiving and cooling element arranged in said 
header of Said housing, and means whereby a 
fluid medium may be circulated through the 
chamber of said housing. 

19. In a refrigerating apparatus, a housing, 
provided with headers at opposite ends, evaporat 
ing elements disposed through the chamber and 
communicating with both of said headers, a liquid 
refrigerant receiving and cooling element ar 
ranged in one of the headers of said housing, 
valve controlled means for introducing a fluid 
medium into said chamber adjacent the discharge 
ends of the evaporating elements, valve controlled 
means arranged at Spaced apart intervals in 
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fluid medium may be withdrawn from said cham 
ber at points of different temperatures, and valve 
controlled means whereby the fluid medium, 
which is withdrawn through one of the first men 
tioned valve controlled means at the point of 
lowest temperature of said chamber, may be re 
turned into said chamber at a point removed 
from the initial introduction of said fluid medium 
if of a temperature lower than the initially in 
coming fluid medium. ? 

20. A two stage refrigerating system consist 
ing of two refrigerating systems cooperating with 
each other, one of said systems comprising a com 
preSSOr, a condenser, expansion valve and an 
evaporator arranged in the order named to form 
a closed refrigeration circuit; the other system 
comprising a compressor, a condenser, a liquid 
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receiving and cooling element, expansion valve 
and an evaporator arranged in the order named 
to form a closed refrigeration circuit; the con 
densers of the first and second system being ar 
ranged in a closed housing which is provided with 
valve controlled inlets and outlets for circulating 
a cooling medium through said housing in con 
tact with both of said condensers; valve con 
trolled elements whereby the liquid cooling ele 
ment of the second system may be operatively dis 
connected from the condenser and evaporator of 
said second system and the discharge of the 
condenser of the second system directly connected 
with the expansion valve of Said Second system, 
the liquid cooling element of the second men 
tioned system and the evaporator of the first 
system being arranged in a closed housing, valve 
controlled means for circulating a fluid medium 
through said last mentioned housing in contact 
with said liquid cooling element and evaporator, 
whereby said systems may be converted into two 
independently operated systems. 

21. A refrigerating apparatus comprising a ver 
tical arranged shell provided with an evaporating 
element for vaporizing a refrigerant therein to 
cool brine in said shell, a plurality of cooling ele 
ments arranged in said shell for introducing a 
liquid to be cooled into said elements and means 
for withdrawing said liquid therefrom, said shell 
being provided with a plurality of inlets and out 
lets, all said inlets and outlets being arranged at 
different levels, said inlets and outlets providing 
means for withdrawing brine of different tem 
peratures at different levels from the shell and 
returning said brine of different temperatures to 
the shell at different levels whereby an equal 
temperature may be maintained of the liquid to 
be cooled in said cooling elements. 

22. A refrigerating apparatus consisting of a 
vertical arranged shell defining a chamber, pro 
vided with a plurality of inlets and a plurality of 
outlets, all said inlets and Outlets being arranged 
at different levels, means for introducing brine 
into the chamber of the shell and for withdraw 
ing the brine therefrom; evaporating element ar 
ranged in the chamber and forming part of a 
closed refrigerating circuit for cooling said brine, 
a plurality of cooling elements arranged in the . 
chamber of said shell, means for introducing a 
liquid to be cooled into said elements, means for 
withdrawing the cooled liquid therefrom; the 
brine introduced at higher levels into the cham 
ber being withdrawable from the chamber at 
lower levels or vice versa, whereby the tempera 
ture of the liquid to be cooled in said elements 
may be controlled and equalized. 

23. The process of obtaining a liquid refriger 
ant of low boiling point under high pressure and 

temperatures. 
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low temperature in economical manner which 
consists in compressing, condensing, and vaporiz 
ing a volatile refrigerant in a continuous cycle, 
compressing, condensing and liquefying a gaseous 
refrigerant of low boiling point at relatively low 
condensor pressure by utilizing the low temper 
ature of the vaporized volatile refrigerant, boost 
ing the pressure of a portion of the low boiling 
point liquid refrigerant and utilizing the remain 
ing portion of said low boiling point refrigerant at 
said relatively low condenser pressure for vapor 
ization to further cool the boosted portion of said low boiling point refrigerant. 
24. In a refrigerating apparatus, a suitable chamber, a refrigerating element disposed in said 

chamber, expansion means at the inlet of said 
element, a plurality of inlet and a plurality of 
outlet valved connections communicating with 
said chamber at different points whereby a 
drawn at different temperatures and returned to 
the chamber at different levels and at different 

25. Refrigerating apparatus of the character 
described comprising three units, one of said units 

O 

5 

medium cooled in said chamber may be with- 0 

comprising two cooling elements with fluid pas 
Sages therebetween, a second unit comprising an 
evaporator element and a condenser element with 
fluid passages therebetween, while the third unit 
comprises an evaporator, a compressor connected 80 
With the first and second unit, an expansion valve 
for the Second unit; valve controlled connections 
between said first and second units and said com 
pressor, whereby a closed refrigeration circuit is 
established; an expansion valve for the third 
mentioned unit, a compressor connected to the 
discharge of the third unit and connected with 
the first unit; valve controlled connections be 
tween all of said units whereby the refrigerant 
may circulate through all of the units; and valve 
controlled connections whereby the units may be 
operatively disconnected into separate independ 
ent Systems wherein one system involves the first 
mentioned compressor, first mentioned unit and 
Second mentioned unit, while the other system in 
volves the second mentioned compressor, the first 
mentioned unit and the third mentioned unit. 

26. In a mechanical refrigerating apparatus of 
the character described, a suitable housing, an 
evaporating element, a liquid refrigerant receiv 
ing and cooling element arranged in heat ex-. 
change relation with the discharge of the evapo 
rating element, and communicating with the en 
trance of said evaporating element, an expansion 
valve associated with said evaporating element, 
and a separate closed fluid conveying passage for 
introducing and withdrawing a fluid to be cooled, 
arranged in the housing, free passages inter 
mediate of said elements, separate means where 
by different mediums may be circulated through 
Said elements, a conduit for introducing a medium 
to be cooled in the housing to pass in counter 
flow to the refrigerant in the evaporating ele 
ment, and , a plurality of valved connections 
whereby a medium may be withdrawn from the 
housing at different points and different tem- . peratures. 

27. A refrigerating system comprising a com 
pressor, a condenser, a liquid receiving and cool 
ing element, an expansion valve, and an evapo 
rator consisting of a vertically arranged shell 
with the liquid receiving and cooling element ar 
ranged in the upper part in the interior of said 
shell arranged in the order named to form a 
closed refrigerating circuit, a cooling element ar 
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ranged in the lower part in the interior of said 
shell; means for introducing and withdrawing a 
fluid to be cooled into and from said element 
whereby the refrigerant circulated in said closed 
circuit will be successively in heat exchange re 
lation first with said last mentioned cooling ele 
ment and then with said first mentioned cooling 
element. . . 28. In a two stage refrigerating system involv 
ing two refrigerating systems cooperating with 
each other, the first system consisting of a com 
pressor, a condenser, a liquid receiving and cool 
ing element, an expansion valve, and an evapo 
rating element; the Second system consisting of 
a compressor, a brine cooled condenser consist 
ing of a shell provided with a condenser element 
and brine inlets and outlets, a liquid receiving 
and cooling element, and an evaporator; the 
liquid receiving and cooling element and the 
evaporating element of the first system being ar 
ranged in said brine cooled condenser, the liquid 
receiving and cooling element of the Second sys 
tem being arranged in heat exchange relation in 
the path of the vaporized refrigerant of the same 
system; the first system being ... adapted to cool 
the brine for said brine cooled condenser of the 
Second system. 

29. The process of refrigeration which consists 
in compressing and condensing a volatile refriger 
ant gas in a plurality of stages, utilizing a cooling 
medium of atmospheric temperature to cool the 
compressed refrigerant gas in the first stage, and 
utilizing a cooling medium lower than atmos 
pheric temperature to further cool the liquid re 
frigerant in the second stage as the cooling 
medium; boosting the pressure of a volatile liquid 
refrigerant, utilizing the vaporized refrigerant in 
a third stage as a cooling medium for further 
cooling the boosted volatile liquid refrigerant be 
fore vaporization, and recompressing the vapor 
ized volatile. refrigerant in a continuous cycle. 

30. A two stage refrigerating system compris 
ing two systems cooperating with each other, one 
system comprising a compressor, a condenser ele 
ment, a liquid cooling element, a liquid control 
valve and an evaporating element, all arranged to 
form a closed refrigerating cycle, the cooling ele 
ment being arranged in heat exchange relation 
with the exhaust gas of the evaporating element; 
the other system comprising a compressor, a con 
denser element, a liquid cooling element, a liquid 
control valve, and an evaporating element, all 
arranged in the Order named to form a closed 
refrigerating circuit the evaporating element of 
the first system and the condenser element of the second system being arranged in heat exchange 
relation, the second mentioned cooling element 
and the second mentioned evaporating element 
being arranged in closed housing with free pas 
sages between all of said elements; and means 
for conveying a fluid medium to be cooled through 
said housing in heat exchange relation. With all 
of said elements, 
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31. The process of refrigeration which consists 

in compressing, cooling, condensing and liquefy 
ing a volatile refrigerant gas at relatively low 
pressure and low temperature, utilizing a second 
vaporized volatile, refrigerant preferably of higher 
boiling point than said first mentioned refrig 
erant to cool, condense, and liquefy said first 
mentioned refrigerant gas at said low pressure 
and low temperature, boosting the pressure of the . 
volatile liquid refrigerant, vaporizing the high 
pressure liquid refrigerant to obtain a low refrig 
erating temperature, recompressing and recooling 
the volatile gaseous refrigerant at said relatively 
low pressure and low temperature. 

32. In a refrigerating system for low tempera 
ture work, a compressor, a condenser element, a 
liquid refrigerant pump, a liquid receiving and 
cooling element for cooling the liquid refrigerant 
of increased pressure introduced thereinto, an ex 
pansion valve, and an evaporating element, con 
nected in the order named to form a closed re 
frigeration circuit; said refrigerant pump being 
connected so that the pressure of the liquid re 
frigerant in the liquid receiving and cooling ele 
ment may be increased as desired and to thereby 
increase the pressure drop between the evapo 
rator and the liquid receiving and cooling ele 
ment and to simultaneously increase the ef 
ficiency thereof; said liquid receiving element be 
ing arranged in heat exchange relation with the 
discharge of said evaporating element. 

O 

5 

20 

25 

30 

33. A refrigerating system for low temperature 
and quick freezing refrigeration, comprising a 
compressor, a condenser, a liquid receiving and 
cooling element, an expansion valve and an 35 
evaporator arranged in a closed circuit in the . 
order named, means for further cooling the liquid 
refrigerant in said liquid cooling element, a valve 
controlled connection intermediate of sald con 
denser and said liquid receiving and cooling ele 
ment, whereby the direction of flow of the refrig 
erant relative to the said expansion valve and 
the liquid receiving and cooling element may be 
controlled; and a closed refrigeration cycle ar 
ranged for cooling said condenser, 

34. In a mechanical refrigerating apparatus of 
the character described, comprising a vertical 
arranged housing, an evaporating element ar 
ranged in the housing for. introducing and with 
drawing a refrigerant and a separate closed fluid 
conveying passage for introducing and withdraw 
ing a fluid to be cooled arranged in the housing, 
a conduit arranged on the upper end of the hous 
ing for introducing a fluid medium to be cooled 
to pass in Counter flow to the vaporized refrig 
erant in the evaporating element, means for in 
troducing a medium to be cooled into the housing 
and a plurality of valve controlled conduits con 
nected to the housing and communicating with 
the interior of the housing whereby said medium 
may be withdrawn from the housing at different 
levels and at different temperatures. 
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