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This invention relates to refrigeration. 
In a typical conventional refrigeration cycle, saturated 

or slightly superheated vapor is isentropically compressed 
to increase the enthalpy of the refrigerant which is then 
passed at a constant pressure through a condenser where 
de-superheating and condensation take place. The con 
densed refrigerant may or may not be subcooled before 
passage through an expansion device where it undergoes 
a constant enthalpy pressure reduction and into an 
evaporator where it removes a quantity of undersired 
heat causing the refrigerant to again vaporize. 

In accordance with the cycle of this invention, the 
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saturated refrigerant vapor passing from the evaporator ‘5 - 
is superheated at a substantially constant pressure to a 
temperature substantially equal to the condensing tem 
perature of the refrigerant and this superheated vapor is 
then substantially isothermally compressed, instead of 
being isentropically compressed as in the conventional 
cycle. In other respects, the cycle of this invention may 
be considered to generally correspond with the conven 
tional refrigeration cycle. 

In carrying out the invention, it is essential that the 
refrigerant vapor be superheated before compression to 
a temperature approximating the condensing temperature 
and that the compression of the vapor be substantially 
isothermal. To accomplish this isothermal compression 
of the refrigerant vapor, it is presently contemplated that 
a carrier liquid and a foaming agent be mixed with the 
vapor so that a foamed mixture of the liquid and vapor 
is formed for passage through the compression device. 
The presence of the carrier liquid permits the isothermal 
compression of the vapor to take place. Thus one salient 
feature of the invention resides in the addition of heat to 
the refrigerant in the superheating stage rather than in the 
compression stage so that all that need take place with 
respect to the refrigerant during the compression stage 
is an increase in pressure without the corresponding con 
ventional increase in temperature of the refrigerant. 

In the drawing: 
‘FIGURE 1 is a diagrammatic view of one form 'of 

apparatus incorporating the principles of the invention; 
FIGURE 2 is a diagrammatc view of another form of 

apparatus incorporating the principles of the invention; 
and 
FIGURE 3 is a temperature-entropy diagram illustrat 

ing the relationship between an idealized conventional 
refrigeration cycle and an idealized refrigeration cycle of 
this invention. 

Referring now to the diagrammatically illustrated ap 
paratus in FIGURE 1, the compression pump 2 has its 
outlet connected by a mixture line 4 to the inlet of a 
vapor-liquid separator 6. The carrier liquid outlet ad 
jacent the bottom of the separator 6 is connected by a 
carrier liquid line 8 to a foam mixer 10 adjacent the pump 
inlet. The mixer 10 preferably includes a nozzle through 
which the liquid is discharged as a jet which entrains the 
refrigerant vapor to form a foam. This also tends to re 
gain the energy in the carrier liquid exiting from the 
liquid line at a substantially higher pressure than the 
pressure on the suction side of the pump 2. The re 
frigerant vapor outlet adjacent the top of the separator 
6 is connected by vapor line 12 to the refrigerant con 
denser 14. 
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The condenser 14 outlet is connected by one liquid re~ 

frigerant line 16 through a high e?iciency heat exchanger 
18 and then another liquid refrigerant line 20 to an ex 
pansion device 22. Expansion device 22 is in turn con 
nected by line 24 to the inlet of the refrigerant evaporator 
26 whose outlet is connected by vapor line 28 to the heat 
exchanger 18 and thence through line 30 to the foam 
mixer 10. 

In the FIG. 1 embodiment of the invention, the path 
of the refrigerant is generally conventional in that it passes 
from pump 2 to condenser 14, expansion device 22, and 
evaporator 26 back to the pump, the direction of ?ow 
of this refrigerant through the circuit being indicated by 
the solid line arrows. The path of the carrier liquid, 
which accompanies the refrigerant in this embodiment be 
tween the foam mixer 10 and separator 6, has its flow 
direction indicated by the broken line arrows. 

In operation of the apparatus of FIGURE 1, the suc 
tion pressure of pump 2 induces the ?ow into the pump 
inlet of the carrier liquid and foaming agent from line 8, 
and the superheated refrigerant vapor returning through 
line 30 from the heat exchanger 18. The difference in 
pressure between the liquid line 8, and the suction side 
of the pump 2, results in the liquid issuing from line 8 
as as high velocity jet out of the nozzle shown in broken 

,_ lines in the mixer 10. Thus the three components, the 
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superheated refrigerant vapor, the foaming agent, and the 
carrier liquid form a foamy mixture which is compressed 
and pumped through mixture line 4 into the vapor-liquid 
separator 6. In the separator, the foam is broken down 
by settling in vapor separator 6 or appropriate mechanical 
or other means, freeing the refrigerant vapor for passage 
through line 12 to the condenser while the carrier liquid 
component of the mixture remains in the separator 6 for 
recirculation back to the mixer and pump through liquid 
line 8. Condensation of the refrigerant vapor takes place 
in the condenser 14' and it then flows through liquid re 
‘frigerant line 16 to the heat exchanger for subcooling, and 
through the remainder of the refrigerant circuit as pre 
viously described. 
The embodiment shown in FIG. 2 corresponds in all 

respects with that shown in FIG. 1 except for the sepa 
rator designated 32 following the condenser 14 instead 
of preceding it. The carrier liquid accompanies the re 
frigerant through the condenser, where the refrigerant 
vapor is condensed, with no attempt being made to sep 
arate the components until they both reach the separator 
32 in liquid form. I Thus the primary difference in oper 
ation is that a liquid-liquid separation takes place rather 
than a vapor-liquid separation. The refrigerant in 
liquid form is assumed to have a greater speci?c gravity 
than the carrier liquid for purposes of illustration, but it 
will be appreciated that if the reverse were true the re 
spective connecting locations of the carrier liquid line 
and refrigerant liquid line would be reversed on the sep 
arator 32. 
The departures of the subject refrigeration cycle rela 

tive to a conventional refrigeration cycle are perhaps best 
perceived in connection with the idealized diagram of 
FIGURE 3 illustrating the relationship between absolute 
temperature and entropy of the refrigerant in the cycle. 
The successive conditions of the refrigerant for the sub 
ject cycle, starting with saturated refrigerant vapor leav 
ing the evaporator, are represented by the letters 
ABDE'FGA. The successive conditions of refrigerant in 
a conventional cycle are indicated by the points 
ABCDEFGA assuming that the vapor was superheated 
to the extent shown in the diagram between points A 
and B. This degree of superheat is exaggerated herein 
since typically the degree of superheat in a ‘conventional 
cycle would be only enough to insure the absence of re 
frigerant in a liquid state passing into the compressor. 
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Considering now the subject refrigeration cycle, point 
A in the diagram represents the saturated vapor condition 
of the refrigerant leaving the evaporator 26 and passing 
into the heat exchanger 18 where it is superheated along 
the constant pressure line A-B until its temperature ap 
proximates the condenser temperature on the level of 
point B. This high degree of superheat is imparted to 
the refrigerant vapor in the heat exchanger 18 before 
it flows into the foam mixer 10 for mixing With the car 
rier liquid out of line 8 and the foaming agent. The 
foamed carrier liquid-superheated refrigerant vapor mix 
ture is drawn into the pump 2 and the pressure of the 
mixture is increased by the pump from the pressure level 
in the evaporator and heat- exchanger to the condenser 
pressure. By virtue of the presence of the carrier liquid 
in the mixture, the compression of the refrigerant along 
the line B to D is substantially isothermal. After the 
compression step, the mixture is passed into the vapor 
liquid separator 6 if the apparatus of FIG. 1 is being 
'used, or directly into the condenser ifrFIG. 2 apparatus 
_is used. In either case the temperature-entropy diagram 
is the same, since it is the condition of the refrigerant 
alone which is there represented. If the FIG. 1 system 
is used, the carrier liquid and foaming agent are separated 
from the saturated vapor refrigerant in the separator 6 
so that'only the refrigerant passes into the condenser 14, 
while in the FIG. 2 arrangement the carrier liquid accom 
panies the refrigerant through the condenser while the 
refrigerant is condensing as indicated by the line D-E 
on the diagram. 
When the refrigerant reaches point B on the‘ diagram, 

all of the refrigerant vapor has condensed into refrigerant 
liquid and this refrigerant liquid passes through line 16 
into the ‘heat exchanger 18 for subcooling at a constant 
pressure along the line E-F of the diagram. The heat 
released during this subcooling step is used for the 
superheating process A-—B. Due to the di?erences in 
the speci?c heat of the refrigerant as a liquid as com 
pared to the refrigerant as a vapor, less heat is required 
for superheating the vapor from the evaporator temper 
ature to the condenser temperature than is required to 
subcool the liquid from the condenser temperatures to 
the evaporator temperature. Consequently the temper 
ature to which the liquid refrigerant is depressed during 
subcooling will be above the evaporator temperature, 
as is indicated by the point F which is slightly off the 
liquid refrigerant part of the saturation curve. 
The subcooled refrigerant liquid is passed through the 

expansion device 22 Where it expands along the constant 
enthalpy line F-G. The primarily liquid (partly vapor) 
refrigerant at point G corresponds to the condition of the 
refrigerant as it enters the evaporator, and line G-A 
of course corresponds to the condition of the refrigerant 
as it passes through the evaporator and is re-evaporated. 
The saturated vapor indicated at point A corresponds to 
the condition of the refrigerant as it enters the heat ex 
changer 18 through line 28, the heat exohangenas noted 
before, serving to impart the high superheat condition to 
the refrigerant vapor before it again enters the mixer 
10 and pump 2. 
For the purposes of comparison of the subject cycle 

with a generally conventional cycle, it is assumed in the 
FIG. 3 diagram that a compression step in a generally 
conventional refrigeration cycle is carried out upon re 
frigerant vapor having the degree of superheat indicated 
‘by point B. If such superheated refrigerant vapor were 
introduced into the pump without an accompanying ve 
hicle taking the heat of compression from the refrigerant, 
then in the pump the refrigerant vapor would be isen 
tropically compressed along the line B-C and then would 
be cooled at a constant pressure along the lines 0-D 
and D-E in the condenser. It is also assumed that the 
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remainder of the cycle is carried out by subcooling ' 
,(E-F), expansion (F-G), and evaporation (G-A), as 
has been previously described. 75 

4 
Now comparing the conventional cycle including the 

isentropic compression, and our cycle with the isothermal 
compression, in both cases the heat removed from the 
medium being cooled by the evaporator is the same and 
is represented by the area under the line G—A. In the 
case of our cycle the external work done is represented 
by the area within the closed ?gure ABDEFGA, while 
in the case of the conventional cycle the work done is 
represented by the area within the enclosed ?gure 
ABDEFGA, while in the case of the conventional cycle 
the work done is represented by the area within the en 
closed ?gure ABCDEFGA. The generally triangular 
area BCD in the conventional cycle represents the addi 
tional external work required in a conventional cycle as 
compared to our cycle. 
The difference between our cycle and a conventional 

cycle is thus graphically emphasized by the area enclosed 
Within the triangle BCD, and it is precisely for this reason 
that the conventional refrigeration cycle is represented in 
the diagram as including a superheating step (line A-B) 
of highly exaggerated degree. If it were assumed that 
in a conventional refrigeration cycle virtually no super 
heat was added to the vapor before being isentropically 
compressed along the broken line A-H of FIGURE 3, it 
might be said that in this case the triangular area KHD is 
substantially less than the triangular area ABK, these two 
areas representing the differences in the external work of 
the two cycles. However, in the case of a conventional 
cycle wherein no superheat is added to :the saturated vapor 
at point A before isentropic compression (A-H) thereof, 
then by the same token the subcooling indicated along 
the line E-F of the diagram is not available before ex 
pansion of the liquid refrigerant, and consequently the 
expansion line will fall generally along the broken line 
E-I. Hence it will be apparent that the heat removed 
from the medium being cooled by the evaporator is in 
such a case represented by the area under the line J-A 
rather than under the line G-A, ‘and again the difference 
between the cycles is evident. 

Passing now from the comparison of our cycle with a 
cycle including isentropic compression, as graphically 
portrayed in the idealized cycles, it is noted that by virtue 
of the presence of the carrier liquid in the compression 
stage it is effectively a liquid which is being pumped 
rather than a vapor. Since the pressure developed by a 
centrifugal pump is proportional to the product of den 
sity of the medium being handled and the square of the 
.tip speed, it will be readily appreciated that by increasing 
the density of the pumped medium to the degree afforded 
by the addition of a liquid to the vapor, much greater 
pressures can be developed by a given centrifugal pump 
or, alternatively, the pump may be much smaller and 
still develop a given pressure. Thus, by utilizing our in 
vention, the application of refrigeration systems using 
centrifugal compressors is substantially extended. 

In the embodiment illustrated in FIGURE 1, wherein 
the refrigerant is separated from the carrier liquid and 
the foaming agent before the condenser, it will be appre 
ciated that to prevent condensation of the vaporous re 
frigerant in the vapor-liquid separator 6 the temperature 
of the carrier liquid in its contact with the refrigerant 
vapor should correspond generally with the temperature 
of the condenser 14. Thus, at least for initial startup of 
the apparatus, heating means for example, a heating coil 
6' which may be be steam or electric, may be provided 
in the separator 6 to increase the temperature of the car 
rier liquid to the level of the refrigerant condensing tem 
perature so that the refrigerant vapor does not condense 
in the pump or separator instead of the condenser 14. 
Depending upon the character of the pump 2, after start 
up su?icient heat may be generated by the pump to main 
tain the carrier liquid temperature at a value preventing 
any substantial loss of superheat before compression, and 
preventing condensation in the separator or, alternatively, 
heating from the external source may be continued in the 
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separator 6 to a greater or lesser degree in accordance 
with indicated need. 
With the FIG. 2 apparatus, wherein the refrigerant is 

condensed before separation from the carrier liquid, such 
external heating means need not be employed since con 
densation of refrigerant in the carrier liquid is not detri 
mental. While an initial period of relatively ineffective 
operation may take place while the temperature of the 
carrier liquid is rising toward the condensing tempera 
ture, when the carrier liquid temperature reaches the ele 
vated temperature the cycle will be carried out as de 
scribed. 
The description of the invention concept has proceeded 

in connection with the apparatus examples of FIG. 1 and 
2, but it is to be understood that other arrangements may 
‘be used to carry out the invention. As an example, the 
pump may be used to pump the liquid only in a circuit 
which includes a jet compressor to which the superheated 
refrigerant vapor is introduced. In this case the energy 
of the high velocity liquid jet discharged into the jet com 
pressor is utilized to effect the isothermal compression of 
the refrigerant vapor, and it is again the presence of the 
carrier liquid which permits the isothermal compression. 

In another case the heat exchanger 18 of FIG. 2 is de 
leted. The refrigerant vapor leaving the evaporator at 
the evaporator temperature is mixed directly into the 
carrier liquid having substantially the condenser tem 
perature. The resulting mixture temperature will be 
somewhat less than the condenser temperature depending 
on the particular heat capacity ratio between refrigerant 
vapor and can'ier liquid. Point U in the chart of FIG. 
3 may represent the temperature and pressure of the 
vapor after mixing. 
The isothermal compression in the pump starts from 

point U. As the pressure is gradually increased a satu 
rated condition is reached at point V. At this point the 
refrigerant starts to condense. Further compression 
causes an increase in the temperature of the mixture as 
indicated by line VW in the chart. The latent heat of 
the condensed vapor corresponds to the increase in sensi 
ble heat of the mixture. At point W the condenser tem 
perature has been reached and further latent heat is ab 
sorbed in the condenser. - 

The deletion of the heat exchanger is applicable only 
in an arrangement as in FIG. 2. Of course, the subcool 
ing indicated along line E-F is not available. 
The invention claimed is: 
1. In a refrigeration method: 
superheating a vaporous refrigerant to a temperature 

approximating the condenser temperature; and 
then passing said vaporous refrigerant through a com 

pression device along with a liquid medium, also 
having a temperature approximating said condenser 
temperature, to effect a substantially isothermal com 
pression of said vaporous refrigerant. 

2. In a refrigeration method: 
pump a superheated refrigerant vapor having a tem 

perature approximating the condenser temperature 
of said refrigerant, along with a liquid of approxi 
mately said temperature, to effect a substantially iso 
thermal pressure increase of said refrigerant vapor 
to the condenser pressure; and 

effecting substantially all of said superheating of said 
refrigerant vapor before the pumping step by passing 
it in heat exchanging relation with condensed re 
frigerant undergoing subcooling before expansion 
thereof. 

3. In a refrigeration method: 
pumping a foamed mixture of a carrier liquid and a 

superheated refrigerant vapor, both having a tem 
perature approximating the condenser temperature of 
said refrigerant, to increase the pressure of said 
refrigerant vapor substantially isothermally to the 
condenser pressure; 
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6 
then condensing, subcooling, expanding, and evaporating 

said refrigerant; and 
then superheating said refrigerant vapor, before pump 

ing, to said temperature approximating said con 
denser temperature. ' 

4. In a refrigeration method: 
circulating a refrigerant through a refrigeration system; 
circulating a liquid medium having a temperature 

approximating the condenser temperature of said 
refrigerant through the compression stage of said 
system along with said refrigerant; 

superheating said refrigerant, returning from the evapo 
rator of said system, to a temperature approximating 
said condenser temperature and before mixing said 
refrigerant with said liquid medium'for passage 
through said compression stage; and 

separating said refrigerant from said liquid medium 
after said compression stage and before said refrig 
erant is passed into heat exchanging relation to 
superheat said returning refrigerant. 

5. vIn a refrigeration method: 
superheating a saturated refrigerant vapor to a tem 

perature approximating the condenser temperature of 
said refrigerant; 

compressing said superheated refrigerant vapor, along 
with a carrier liquid having approximately said con 
denser temperature, to increase the pressure of said 
liquid and said vapor to the condenser pressure at 
said condenser temperature so that the compression 
of said refrigerant vapor is substantially isothermal. 

6. In a refrigeration method: 
pumping a foamed ‘carrier liquid-superheated refrigerant 

vapor mixture having a temperature approximating 
the condenser temperature to increase the pressure 
of said vapor substantially isothermally to a value 
at which said vapor is saturated; 

circulating the refrigerant successively through a con 
densing stage, an expansion stage, and an evaporating 
stage; and 

passing the refrigerant vapor leaving said evaporating 
stage in heat exchanging relation with the liquid 
refrigerant leaving said condensing stage to superheat 
said refrigerant vapor to a temperature substantially 
equalling said condenser temperature, and to subcool 
said liquid refrigerant. 

7. In a refrigeration method: 
mixing a liquid having a temperature approximating 

the refrigerant condensing temperature with a super 
heated refrigerant vapor of about the same tem 
perature along with a foaming agent to effect a 
foamed mixture; 

increasing the pressure of said mixture to a value corre 
sponding to the pressure at which said refrigerant 
is to be condensed; 

separating the saturated vapor refrigerant from said 
liquid; 

circulating said refrigerant successively through a con 
densing stage, an expansion stage, and an evaporating 
stage; and 

passing the refrigerant vapor leaving said evaporating 
stage in countercurrent heat exchanging relation 
with the liquid refrigerant passing from said con 
densing stage to said expansion stage to effect said 
superheating of said vapor before said mixing step. 

8. In a refrigeration system including a refrigerant, 
a compressor, a condenser, a refrigerant expansion device, 
and an evaporator: 

means for superheating said refrigerant to a temperature 
approximating the condensing temperature of said 
refrigerant before admitting said refrigerant to said 
compressor; 

means for circulating a medium in a liquid state, at a 
temperature approximating the refrigerant condensing > 
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temperature of said system, through said ‘compressor 
with said superheated refrigerant; and, ‘ 

‘ means for separating said refrigerant from said liquid 
medium at a point in said system preceding passage 
of the refrigerant in condensed form into said means 
for superheating. 

9. In a system as speci?ed in claim 8: 
said separator means comprises a vapor-liquid separator 

between said compressor and said condenser. 
10. In a system as speci?ed in claim 8: 
said separator means comprises a liquid-liquid separator 

between said condenser and said means for super 
heating. 
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