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This invention relates to refrigeration proc 
esses and apparatus, and more particularly to 
adsorption or absorption refrigeration, and espe 
cially to a process and apparatus for improving 
the efficiency of such refrigeration. . . 

It is the general object of the present inven 
tion to provide novel and improved refrigeration 

, processes and apparatus. 
An important feature of the present invention 

resides in the provision of an inproved refriger 
at'on process and apparatus for carrying out the 
same wherein means is provided for equalizing 
the pressures in an adsorber which has just been 
revivified and one which has been at least par 
tially charged with refrigerant by having been 
connected to the evaporator. 
Another important feature of the invention 

resides in the provision, in a cyclically operat 
ing adsorption refrigeration system using a plu 
rality of adsorbers, of compensation for the dif 
ferences in pressure and temperature existing be 
tween adsorbers just removed respectively from 
the high and low sides of the system. 
In the apparatus, the particular feature of the 

invention resides in a connection or connections 
between adsorbers, each connection being pro 
vided with a valve adapted to be opened for a 
short time prior, to the shifting of adsorbers in 
the cycle, to connect two adsorbers, one at the 
highest pressure and the other at the lowest 
pressure in the system, whereby the pressures 
can be brought into agreement. 
Other and further features and objects of the 

invention will be more apparent to those skilled 
in the art upon a consideration of the accom 
panying drawing, and following specification, 
wherein are disclosed several exemplary embodi 
ments of the invention, with the understanding 
that such changes and variations may be made 
therein as fall within the scope of the appended 
claims without departing from the spirit of the 
invention. ' 

. In said drawing, - 
Figure i is a diagrammatic representation of 

refrigeration apparatus for carrying out the 
process of the present invention; and 

Figure 2 is a schematic and diagrammatic rep 
resentation of a modified form of apparatus for 
carrying out the process. 
The present invention contemplates improve-. 

ments in that type of refrigeration apparatus 
wherein an adsorbent, absorbent, or material 
having both adsorbent and absorbent proper 
ties, or impregnated adsorbents or absorbents 
where action may be partly chemical, is used to 

adsorb the vapor from the liquid refrigerant in 
an evaporator to cause cooling of the same. It 
relates particularly to that type of cyclically 
operating refrigeration apparatus in which a 
plurality of adsorbers, are provided which are 
capable of being connected in turn to the evapo 
rator so that the evaporator is cooled continu 
ously. In such apparatus means is provided for 
heating the adsorbers at times when they are not 
connected to the evaporator so as to drive of 
the adsorbed fluid which is, if necessary or de 
sirable, condensed and returned to the evapora 
tor. Such apparatus and the processes carried 
out thereby are disclosed in the following United 
States patents: 

1729,081, E. B. Miller, Sept. 24, 1929, Refriger 
ation; 

1,790,757, E. B. Miller, Feb. 3, 1931, Regenera 
tive refrigerating apparatus; 

1862,604, E. B. Miller, June 14, 1932, Refriger 
ation car. . W a 

According to the present invention, in refriger 
ation apparatus of the type described means are 
provided for connecting an adsorber which has 
just been largely freed of adsorbed fluid by heat 
to another adsorber which has just finished ad 
sorbing vapor from the liquid in the evaporator 
to produce an improvement in the refrigeration 
capacity of the apparatus for reasons which will 
be more apparent as the description of the in- it 
vention proceeds. 
In Fig. 1 of the drawing, two adsorbers to and 

12, respectively, are shown, but it will be under 
stood that any number can be used with equal 
facility by slight modifications in the piping 
arrangement. These adsorbers may each COra 
prise a closed tank substantially filled with a 
suitable adsorbent material, separated from the 
ends by screens 3 and 4 and having embedded 
therein a cooling coil 5 or 6. Each of these 
adsorbers is connected by a pipe 7 and 8 re 
spectively to the evaporator 9 which may com 
prise a tank with or without coils or fins to ex 
nd its surface and containing a quantity of 

liquid refrigerant. Each of the evaporators is 
connected by a pipe 20, 2 to a condenser 22 
comprising a tank and a suitable cooling coll 
23. Obviously any type of condenser may be 
used, either air or water cooled. The condenser 
is provided with a pipe 24 for draining the cont 
densed refrigerant back into the evaporator f 
under the control of a float-actuated valve 2 
which separates the so-called "high side' of the 
refrigeration system from the "low side'. The 
high side includes the adsorber being activated 
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and the condenser, whereas the low side includes 
the evaporator and the adsorber which is adsorb 
ing. 

Suitable means, represented by gas burners 
27, 28, respectively, are provided for heating the 
adsorbent material in the adsorbers to activate, 
revivify, or desorb it, and the gas for the burners 
is provided from the main 29 through the three 
way valve 30 so that it can be alternately sup 
plied to the burners. v 

In normal Operation of such a refrigeration 
System, and One in which cooling water is used 
may be taken as an example, water is supplied 
through the pipe 8, passes through the coil 23 
in the condenser and through the three-way 
valve 32 to the coil 15 in the adsorber O. This 
cools the adsorbent material therein so that it 
adsorbs vapors from the liquid in the evaporator 
9 through the pipe 7. At the same time, the 
burner 28 is lighted to heat the adsorber 2 and 
drive of adsorbed vapor from a previous cycle 
of operation into the condenser through the pipe 
2, where it is cooled by contact with the cold 
coll 23, liquefied, and returned through the pipe 
24 to the evaporator for re-use. 
To facilitate the operation, valves 34 and 35 

are provided in the pipes leading respectively 
from adsorbers 0 and 2 to the condenser, one 

, of which is opened while the other is closed. 
Likewise, valves 3 and 37 are provided in the 
pipes between the adsorbers and the evaporator, 
Only one of which is open at a time and that 
being the one connected to the adsorber which 
is isolated by its valve from the condenser. . 
Manipulation of the valves to reverse the posi 
tions of the adsorbers in the cycle may take place 
either by hand or automatically, as may be de 
sired, in a known manner. - According to the present invention, there is 
provided an additional connection in the form 
of pipe 9 from valve 35 to valve 36, or from 
the top of adsorber 2 to the bottom of adsorber 
9, and controlled by the three-way valves to 

which it connects. Similarly, a pipe 4 leads 
from valve 4 to valve 37 and it forms a con 
nection between the pipe from the top of ad 
sorber 0 to the condenser and the pipe from the 
bottom of adsorber 12 to the evaporator which 
is controlled by these valves, each of which is 
a so-called "three-way valve'. 
The benefits of these additional connections 
t be understood from the following descrip 
O 
In refrigeration apparatus of the kind referred 

to, the refrigerating capacity is determined 
largely by the differences of concentration of the 
refrigerant in the adsorbent at the end of the 
heating and the adsorbing or cooling periods. 

For any given temperature of the adsorbent, 
the amount of concentration will vary with the 
vapor pressure of the refrigerant therein, and 
conversely, for any given vapor pressure ...the 
amount of concentration will vary with the ten perature. Thus' with high temperatures and 
low pressures small concentrations exist and with 
low temperatures and high pressures large con 

s 

centrations exist. 
In the refrigeration apparatus just described, 

it may be assumed for the purpose of this de 
scription that adsorber 2 has been heated and 
the adsorbent material therein has reached its highest temperature, by which means all the re 
frigerant possible has been driven out against 
the pressure of the condenser 22, and the ad 
sorber has been cooled by water flowing in its 

2,024,088 
coil is so that it has reached its lowest temper 
ature and the adsorbent material has taken in 
and adsorbed all that is possible at the pressure 
of the evaporator 9. 
The object of the invention is to increase the is 

difference of concentration between 12 and without raising the temperature of f or lower 
ing that of 2 by external means, over those just 
described, and by so doing to increase the refrig 
erating capacity, and improve the eficiency of 10 
the apparatus. 
The adsorber 12 being on the high side, has a 

pressure substantially the same as that in the 
condenser, while the adsorber D being on the 
low side, has a low pressure Substantially the 15 
same as that in the evaporator. It is clear, 
therefore, that if at this time open communica 
tion between the two adsorbers is made by either , 
of the pipes 40 or 4, or by both, by turning the 
various three-way valves to appropriate posi- 20 
tions, there will be a flow of vapor from 2 to 
and a lowering of pressure in 12 and a corre 
sponding raising of pressure in . The result 
will be a lower concentration of refrigerant in 
2 and a higher concentration in , while at 25 
the same time the desorption from 2 will tend 
to lower its temperature and the adsorption by 
0 will tend to raise its temperature. The two 
adsorbers are thus better prepared for their 
next Operations. 

If after the pressures in the two adsorbers 
are substantially equalized, the communication 
between them is shut off by further turning the 
three-way valves to now connect adsorber f2 to 
the evaporator and adsorber to the condenser, 35 
and heat is supplied adsorber and cooling 
water to adsorber 2, by reversing the three-way 
valves 29 and 82, then the extra refrigerant 
which was discharged by 12 into D will be driven, 
along with that quantity which was first taken 40 
by O from the evaporator, into the condenser, 
while 2 having been unloaded by the amount 
of the extra refrigerant, in addition to that 
which was first discharged into the condenser, 
will have a greater capacity for adsorption of 46 
vapor from the evaporator. If sufficient time is 
allowed for desorption, the net gain in each cycle 
over what would be normally obtained, would be 
the weight of the refrigerant transferred from 2 
to 0, or from f to f2, depending on which 50 
adsorber has just been heated. 
As will be readily understood, automatic 

means may be provided for operating the valves 
for connecting the adsorbers together at the 
appropriate times if desired, such automatic 55 
means being connected to Or operated by any 
other automatic apparatus provided for chang 
ing over the adsorbers from the adsorption stage 
to the heating stage, and vice versa. 

Fig. 2 shows a simplified form of apparatus 60 
wherein the details of construction of the parts 
have been omitted. Bere the adsorbers and 
5 are equipped respectively with burners 2 and 

30 

fed from the gas pipe 4 through the three 
way valve St. Each adsorber has a valve box 65 
attached thereto containing a pair of check . 
valves. The valve S7 controls the pipe leading 
to the; condenser SE and opens when pressure in 
the adsorber is greater than that in the condenser. 
A second check valve US controls the pipe that 70 
leads to a common pipe B connected by the pipe 

to the evaporator 2, and this check valve 
opens when the pressure in the adsorber is less 
than that in, the evaporator. Thus, each ad 
sorbes is automatically connected to the con 
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denser or the evaporator in accordance with 
whether or not it is being heated or cooled. The 
operation of the device is identical with that de 
scribed in connection with Fig. 1 for normal 
operation, but the valve change-Over is auto 
matic. 
In order to provide for communication tem 

porarily between the two adsorbers at about the 
time when the shift is to be made and during 
which time it is preferred to have both burners 
extinguished, the pipe 64 connects the valve 
boxes 56 together and is equipped with a suit 
able valve 66 which may be either manually or 
mechanically operated. For instance, it may be 
controlled by a timing mechanism which also 
manipulates the valve 54 to change, the cyclic 
Operation of the 'device. V. 

It will be obvious that when the valve 66 is 
opened, that the adsorber which has been at high 
pressure will automatically disconnect itself from 
the condenser as soon as the pressure in this 
adsorber becomes slightly less than that in the 
condenser, and that the adsorber which has 
been connected to the evaporator will auto 
matically disconnect itself from the evaporator 
as soon as its pressure becomes slightly greater 
than that of the evaporator. Thus, in effect, all 
four check valves will be closed automatically 
and there will be merely a connection between 
the adsorbers for the time being. 

Refrigerators of the kind described have been 
employed in connection with the use of silica 
gel as an adsorbent, and the use of this ad 
sorbent among others, for instance, alumina or 
other gels, as well as absorbents such as calciuim 
chloride or the like, is contemplated. In addi 
tion, adsorbents such as silica gel impregnated 
with calcium chloride or with other chemical 
absorbents may be used. 
The liquid to be evaporated may be water, 

in which case the condensers can be dispensed 
with and the Water vapor being driven off from 
the evaporator by heat merely discharged into 
the air. In this case some means must be pro 
vided for replenishing the water in the evapo 
rator. In connection with silica gel, SO2 forms. 
a very satisfactory refrigerant, whereas with 
calcium chloride, ammonia may be used. Am 
monia is also satisfactory with certain forms of 
impregnated gels, as for instance, silica gel in 
pregnated with calcium chloride. Ammonia may 
also be used with silica gel alone, where this gel 
is specially treated initially to lower the water 
content to less than about 10% of its dry Weight. 

From the above it will be understood that the 
invention does not reside in the particular re 
frigerant, adsorbent or absorbent, or in the 
specific apparatus, but rather in the process which 
comprises mainly connecting together the two 
adsorbers which are at maximum pressure dif 
ference, and in the apparatus for carrying out this particular step. 
In cases where no condenser is present, the 

invention is useful as permitting the adsorber 
which has been heated to be brought, prior to its 
connection to the evaporator, under sub-atmos 

5 

pheric pressure, by a temporary connection to an 
adsorber which has been used up to that time to 
adsorb vapor from the evaporator and is thus 
on the low or sub-atmospheric side of the system. 
Having thus described the invention, what is 

claimed as new and desired to be secured by Let 
ters Patentis: : 

1. The process of refrigeration comprising ado 
sorbing vapor from a liquid refrigerant into a 

with hard porous adsorbent material, means to 

3 
batch of adsorbent, heating a second batch of 
adsorbent previously used for adsorbing said 
vapor to revivify it, stopping both processes, 
transferring vapor from the heated batch to the 
other batch, and then reversing the positions 5 
of the batches in the process. 

2. The method of refrigeration in a cyclically 
operating adsorption refrigeration system having 
at least two adsorbers comprising the step of con- . 
necting together two adsorbers of the system, 10 
one at the highest temperature and the other 
at a low temperature whereby the high tempera 
ture is lowered by desorption and the low tem 
perature raised by adsorption. 

3. The method of refrigeration is a cyclically lis 
operating adsorption refrigeration system havings. 
at least two adsorbers comprising the step of con 
necting together two adsorbers of the system, one 
at the lowest refrigerant vapor concentration and w 
the other at the highest to further increase the 20 
difference in concentration between the two ad 
sorbers. w 

4. Refrigeration apparatus of the type de 
scribed comprising, in combination, a pair of ad 
sorbers each having a gas chamber charged with 25 
a solid granular adsorbent material, means to al 
ternately heat the masses of adsorbent, an evapo 
rator, a condenser, means to connect the heated 
adsorber and condenser, means to connect the 
other adsorber to the evaporator, and means to 30 
pace said gas chambers in communication prior 
to the adsorbers reversing their positions in the 
cycle whereby gas flows from the heated ad 
sorbent mass to the other mass until the pres 
SeS are substantially, equalized. 

5. Refrigeration apparatus of the type de 
scribed including, in combination, a pair of ad 
sorbers each having a gas chamber charged with 
hard porous adsorbent material, means to alter 
nately heat said adsorbers to revivify them, an 40 
evaporator containing refrigerant liquid, means 

35 

to discharge vapor driven off from the heated 
adsorbent, means to connect the other adsorber 
to said evaporator to adsorb vapor from the liq 
uid therein, means to shift the relation of the ad- 45 
sorbers in the cycle, and means to place said gas 
chambers in communication prior to the shift : 
so that vapor flows from the heated adsorber to 
the other adsorber until the pressures in the gas 
chambers are substantially the same. 

6. Refrigeration apparatus of the type de 
scribed including, in combination, a plurality of 
adsorbers each having a gas chamber charged 

50 

heat said adsorbers in succession to revivify the 
adsorbent material therein, an evaporator cons 
taining liquid refrigerant, means to discharge va 
por driven off from the heated adsorber, means 
to connect a revivified adsorber to the evaporator 
to adsorb vapor from the liquid therein, means to 
shift the relation of the adsorbers in the cycle 
to replace the one filled with vapor by a fresh 
one and to heat the filled one, and means to place 
in communication the gas chamber having the 
highest pressure therein and the gas chamber 
having the lowest pressure for a brief period at 
the time of said shift whereby vapor flows from 
one chamber to the other until the pressures are . 
substantially equalized. 0. 

7. Refrigeration apparatus of the type de-' 
Scribed, in combination, a plurality of adsorbers 
each having a gas chamber charged with hard 
porous adsorbent material, means to heat said ad 
sorbers in succession to revivify the adsorbent therein, an evaporator containing liquid refrig 

60 

65 
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4. 
erant, means to discharge vapor, driven off from 
the heated adsorbent, means to connect a revivi 
fled adsorber to the evaporator to adsorb vapor 
from the liquid therein, means to shift the rela 
tion of the adsorbers in the cycle to replace the 
One filled with vapor by a fresh one and to heat 
the filled one, and means to place said gas cham 
bers in direct communication after heating the 
fled adsorber to effect flow of vapor from the 
heated adsorber to the other One. 

8. Adsorption refrigeration apparatus includ 
ing, in combination, an evaporator containing 
liquid refrigerant, a condenser, a plurality of ad 
sorbers, each having a gas chamber charged with 
hard porous adsorbent material, piping connect 
ing said parts forming a circuit, valves whereby 
any adsorber can be connected to the evaporator 
and any to the condenser, means to heat the ad 
sorber connected to the condenser to drive out 
the adsorbed vapor and revivify the adsorbent 
material, means to return the condensed vapor 
to the evaporator, and means to place in Com 
munication the gas chamber of a freshly revivil 
fled adsorber and one charged with vapor before 
exchanging their positions in the circuit to trans 
fer vapor from the freshly activated adsorber to 
the other. - 

9. The process of refrigeration consisting in 
adsorbing vapor from a liquid refrigerant in a 
batch of hard porous adsorbent material in a 
closed gas chamber, heating a batch of Solid po 
rous adsorbent material in another gas chamber 
and previously used for adsorbing vapor from the 
refrigerant to revivify it and condense the va 
por in a closed chamber, isolating said batches 
from the refrigerant liquid, placing said gas 
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chambers in communication until substantially , 
equilibrium of vapor pressure is obtained, and 
then reversing the original operations on the 
batches. 

10. The process of refrigeration with appa- 5 
ratus including a plurality of adsorbers having 
gas chambers charged with solid porous adsorb 
ent material, an evaporator having liquid refrig 
erant therein, and a condenser, consisting in con 
necting One chamber to the evaporator to adsorb 10 
vapor from the liquid therein, connecting another 
of Said chambers to the condenser, heating the 
adsorbent material in the latter to drive out the 
vapor, stopping the heating, placing the two gas 
chambers in communication until substantially 15 
equilibrium of vapor pressure is attained, and 
subsequently using the heated adsorbent to ad 
Sorb the vapor from the evaporator. . 

11. The method of refrigeration in a cyclically 
operating adsorption refrigeration system having 20 
at least two gas chambers, each charged with 
hard porous adsorbent material, consisting in the 
step of placing the gas chambers in communica 
tion, One of Said gas chambers having freshly ac 
tivated adsorbent therein and another gas cham- 25 
ber having partially saturated adsorbent therein, 
for the purpose of further desorbing said freshly 
activated adsorbent and to lower its temperature. 

12. The method of refrigeration in a cyclically 
Operating adsorption refrigeration system hav- 30 
ing at least two gas chambers, each charged with 
hard porous adsorbent material, consisting in the 
Step of placing in communication two of said 
chambers, one at the highest pressure and the 
other at the lowest until these pressures are sub- 35 
stantially equalized. 

ARBUR, EPHRAIM YOUNG. 


