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ABSTRACT OF THE DISCLOSURE 
An increase in the cooling capacity of an absorption 

type refrigeration system employing water as refrigerant 
and an aqueous salt solution as absorbent is obtained by 
incorporating a small amount of ethylene glycol mono 
butyl ether or diethylene glycol monobutyl ether in the 
salt solution. The presence of the ether lowers the operat 
ing vapor pressure in the absorber section of this type 
of system and thereby effects a lower operating refriger 
ant temperature in the evaporator section. 

This invention relates to two-pressure absorption re 
frigeration systems of the type employing an aqueous 
salt solution as the absorbent-refrigerant and in partic 
ular to the use of a vapor pressure depressant in the form 
of an additive in the salt solution. 

Refrigeration systems of the general type contemplated 
by the present invention, often referred to as two-pressure 
refrigeration systems, comprise a closed circuit containing 
an aqueous salt solution under high vacuum. Cooling is 
effected by vaporizing liquid refrigerant (water) within 
or on the outside of an evaporator coil or the like which 
forms part of the closed circuit. Air or other fluid me 
dium is passed over or through the coil and thereby be 
comes chilled as it provides heat of vaporization to the 
refrigerant. The resulting refrigerant vapor passes to an 
absorber section where it is contacted with and absorbed 
into a stream of liquid absorbent (an aqueous solution 
of lithium chloride, lithium bromide or the like). Heat 
liberated by the absorption process is removed by heat ex 
change with an external cooling medium. The resulting 
solution which has high refrigerant content passes to a 
generator section where it is heated by an external heat 
Source to expel refrigerant (water) vapor. The resulting 
solution (absorbent) which has low refrigerant (water) 
content returns to the absorber section. The refrigerant 
(water) vapor is condensed by heat exchange with an 
external cooling medium and then again passes to the 
evaporator section. 
The operation of a typical absorption circuit depends, 

among other things, on the reduction of the vapor pres 
sure of the refrigerant (water) as it is absorbed into the 
absorbent (concentrated salt solution). The low pressure 
which is produced in the absorber section is, of course, 
transmitted to the evaporator section and causes the liquid 
refrigerant to evaporate until its temperature drops to a 
value at which the refrigerant vapor pressure equals the 
pressure in the evaporator section. That is, the refrigerant 
temperature varies directly with absorber pressure. It is 
evident, therefore, that the cooling capacity of the circuit 
is directly related to absorber pressure, and for this reason 
it is the practice to employ an absorbent which has a 
low vapor pressure at the operating temperature of the 
absorber section. 

Referring more specifically to the operation of this 
kind of system it has now been observed that the actual 
vapor pressure existing in the absorber section is some 
what higher than the equilibrium vapor pressure of the 
solution. That is, the measured vapor pressure during oper 
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ation under dynamic conditions is higher than the vapor 
pressure of the same solution when measured under static, 
equilibrium conditions in the laboratory. The practical re 
Sult of this phenomenon is that the refrigeration circuit 
has a lower cooling capacity than that which would be 
predicted on the basis of the equilibrium vapor pressure. 
This follows, of course, from the fact that the higher 
than-expected pressure in the absorber section effects a 
correspondingly higher refrigerant temperature in the 
evaporation section. 
The present invention is based on the discovery that 

the operating vapor pressure in the absorber section of a 
refrigeration system of the kind under discussion can be 
lowered toward the equilibrium vapor pressure by incor 
porating a small amount of ethylene glycol monobutyl 
ether or diethylene glycol monobutyl ether in the saline 
Solution which is employed as the absorbent-refrigerant. 
The selection of the ethers for the purpose of the pres 

ent invention is not a straightforward or obvious matter, 
because the effect of an additive on the dynamic or oper 
ating vapor pressure of a solution is not predictable. The 
equilibrium vapor pressure of a solution is, of course, a 
well known property; however, equilibrium conditions do 
not exist in the absorber section of a refrigeration system. 
It has been found that the ethers employed in the present 
invention do not have any measurable effect on the equi 
librium vapor pressure of a saline solution and that their 
depressant effect is associated solely and unexpectedly 
with the operating vapor pressure. In addition, the vapor 
pressure depressant should alter adversely the physical 
properties of the solution, such as viscosity and solubility 
of the salt, as little as possible. Also, it must be non-reac 
tive with the solution and with the equipment and must 
be heat stable under the operating conditions. All these 
considerations render the selection of a Sutiable depressant 
quite unpredictable. 
The invention will be further understood from the fol 

lowing detailed discussion taken with the single figure 
which is a simplified schematic view of a salt solution 
type absorption refrigeration system suitable for use in 
an air conditioning unit. The system is of typical construc 
tion except for the composition of the refrigerant-ab 
Sorbent and need be described only in general terms. The 
cooling section of the closed refrigeration circuit is a 
refrigerant evaporator shown in the form of a coil 12, 
located in a vessel 16. Refrigerant liquid (water) flows 
over the coil 12 and vaporizes under subatmospheric 
pressure thereby extracting heat from whatever fluid me 
dium flows through the coil 12. The resulting water vapor 
passes into an absorber which is illustrated in the form 
of a tubular heat exchanger coil 18 also located in vessel 
16. Absorption liquid flows from a distributor 20 over 
the coils 18 and presents a large surface area over which 
absorption of water vapor takes place. Heat liberated 
by the absorption process is removed by a stream of cool 
ing water 22 which flows inside the coil 18. The absorber 
liquid is assumed to be an aqueous solution of lithium 
bromide. 
The resulting dilute salt solution flows downwardly by 

way of a heat exchanger 24 and lines 26 and 28 into a 
water vapor generator 30. In the generator 30 the dilute 
salt solution is heated to boiling temperatures by means 
of a gas burner 32 or the like so that water vapor is ex 
pelled from the solution. The boiling action is employed 
in a well known manner to lift a stream of the resulting 
concentrated solution and water vapor bubbles through 
a vapor lift tube 34 to a separator vessel 36. 

In the separator vessel 36 concentrated solution sep 
arates from the water vapor and then flows downwardly 
through a line 38 to the heat exchanger 24 where it pre 
heats the dilute salt solution before the latter passes to 
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the generator 30. The cooler concenrated solution then 
flows upwardly through a line 40 to the absorber dis 
tributor 20. 
The Water vapor in the separator 36 passes through a 

line 42 to a condenser 44 where it is condensed by giv 
ing up heat to the cooling water 22 flowing through the 
passage 46. As shown, the cooling water flows by a con 
duit 50 connectting the absorber coil 18 with condenser 
passage 46. The stream of condensed water flows from the 
condenser 44 through an orifice 52 to the evaporator 12 
where it again vaporizes to effect the desired cooling ac 
tion of the system. 
The System operates to a large degree through the 

careful maintenance of pressure differentials between dif 
ferent parts of the System. The orifice 52 maintains a pres 
Sure differential between the low pressure in the vessel 
16 and the higher pressure in the condenser 44. Liquid 
columns formed in the lines 38 and 26 maintain a pres 
Sure differential between the generator 30 and the sep 
arator 36 on the one hand, and the absorber 18 on the 
other. Exemplary levels of the top of the liquid columns 
in lines 38 and 26 are indicated by the letters X and Y, 
respectively, and Z indicates an exemplary liquid level 
in the outer chamber of the heat exchanger 24. 

All of the above description of the figure is applicable 
to absorption refrigeration systems generally and has been 
given in order that the concept of the present invention 
may be presented in its proper environment. A more de 
tailed discussion of the operation of the absorber 18 will 
aid in clarifying the invention. When refrigerant vapor 
(water vapor) enters the absorber it is absorbed into the 
Surface layer of the absorbent solution which is flowing 
downwardly over the heat exchanger core 18. The ab 
Sorption process releases heat which raises the tempera 
ture of the Surface layer of the liquid. In addition, the 
Surface layer becomes richer in refrigerant (more dilute 
in terms of salt concentration). Both of these actions raise 
the vapor pressure of the surface layer although they are 
offset to a degree by the conduction of the heat from the 
liquid and eventually to the cooling water 22 and by 
the mixing or diffusion of the surface layer with the in 
terior of the liquid. The overall result is that an operating 
or dynamic pressure exists which is somewhat higher than 
the equilibrium vapor pressure of the solution. That is, 
in practice the operating refrigerant temperature will be 
somewhat higher than the refrigerant temperature which 
corresponds to the equilibrium vapor pressure of the solu 
tion in the absorber. 
As an example of the effectiveness of the invention, a 

refrigeration system embodying the essential elements of 
the system illustrated in the drawing was operated using 
as the absorbent-refrigerant 65 pounds of an aqueous 
lithium halide solution having an equilibrium vapor pres 
sure which would be expected to produce a temperature 
of 42 F. in the evaporator. Actually the refrigerant tem 
perature during operation was 47.8 F. Then 75 cc. of 
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4. 
ethylene glycol monobutyl ether was added to the salt 
Solution, and the system was again operated. The re 
frigerant temperature was measured and found to be 
42 F. The equilibrium vapor pressure of the treated 
salt solution, which contained about 0.1% by weight ether 
based on total solution, was measured and found to be 
essentially the same as that of the untreated salt solution. 

In another test a similar but larger refrigeration System 
was operated using 385 pounds of a similar salt solution 
which had an equilibrium pressure corresponding to a 
refrigerant temperature of 41. F. The actual operating 
refrigerant temperature was 45 F. After 200 cc. of ethyl 
ene glycol monobutyl ether were added to the salt Solu 
tion, the refrigerant temperature dropped to 41 F. The 
equilibrium vapor pressure of the treated salt solution, 
which contained about 0.1% by weight ether based on 
total solution, was measured and found to be essentially 
the same as that of the untreated salt solution. 

In a further example, the addition of 0.002% by weight 
of ethylene glycol monobutyl ether to a mixed salt solu 
tion in a refrigeration unit resulted in a 13% increase 
in the capacity of the unit. Addition beyond about 0.5% 
resulted in little or no increase in capacity, and as the 
concentration was increased to more than 1.0% the ca 
pacity of the unit dropped to less than its capacity before 
the ether was added. 
The range of effective proportions of the two ethers is 

about 0.001% to about 1% by weight based on total 
Solution. Above the upper limit the performance is ad 
versely affected with an increase in ether content. Below 
the lower limit the depressant effect is too small to be 
effective. 
The examples have been described by way of illus 

tration only. 
What is claimed is: 
1. An absorbent composition for an absorption refrig 

eration system consisting essentially of a concentrated 
aqueous lithium halide solution having therein 0.001% to 
1.0% by weight based on total solution of a vapor pres 
Sure depressant selected from the group consisting of 
ethylene glycol monobutyl ether and diethylene glycol 
monobutyl ether. 
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