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32 Claims. 

The subject matter of the invention refers to 
a novel thermodynamic process for varying the 
moisture content of atmospheric air by means of 
water vapor absorbing substances, and to appa 
ratus for carrying out said process. This process 
Solves the problem of varying at will the degree 
of moisture of atmospheric air by means of given 
temperature differences-even such of small value 
as exist for instance in nature, as between places 
in the Sun and in the shade. By these novel 
means the air may be dried or moistened to any 
desired extent. The drying is accompanied by 
generation of heat and the moistening is accom 
panied by cooling, and drying results in the col 
lecting of water. The novel and characteristic 
features of the process consist in causing the air 
Within the apparatus to assume much higher or 
lower degrees of moisture (as the case may be) 
than the air possesses at the entrance or the out 
let of the apparatus. This may be attained in a 
simple manner by passing air through an appa 
ratus in which it is conducted successively either 
through an absorption vessel, an evaporating ves 
Sel, and an expelling vessel, or through an ex 
peller, a condenser and an absorption vessel. In 
either case an exchange of water vapor takes 
place between an absorbing substance of a cer 
tain degree of concentration, and a second ab 

30 
SOrbing Substance of another degree of concen 
tration, the exchange being brought about by the 
passing air stream. Thereby the discharge of 
water vapor from one of the substances occurs 
in a temperature range different from the range 
in which the absorption of water vapor by the 
other substance occurs. The change in concen 
tration of the absorbent material which occurs 
in the lower temperature range is thereby re 
versed in the higher temperature range. Like 
Wise, the change in concentration of the absorbent 
material which occurs in the higher temperature 
range is thereby reversed in the lower tempera 
ture range. It is of advantage to use in such 
processes the counter current principle between 
the air and the absorption solution especially 
where large changes in water vapor partial pres 
Sure occur in the air and solution during their 
passage through the apparatus. 

It will thus be clear that objects of the inven 
tion include the provision of means and method 
for drying or humidifying air, for collecting water 
from the atmosphere, for using the sun as a source 
of heat, for circulating air by the action of grav 
ity, for cooling or heating air to condition it, for 
incorporating air conditioning means in the walls 
of a building and for various other purposes as 
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will be apparent from the following description. 
In the accompanying drawings, I have illus 

trated in more or less diagrammatic fashion ap 
paratus for carrying out the process according 
to my invention. 
In these drawings: Fig. 1 represents an apparatus illustrating the 

principle according to which heat or cold are pro 
duced by means of relatively dry atmospheric air. 
The same apparatus and principle may also serve 
for cooling of water, 

Fig. 2 represents an apparatus which serves for 
obtaining water from comparatively dry atmos 
pheric air by means of the sun's heat, 

Fig. 3 represents an arrangement in which the 
principle of obtaining water shown in Fig. 2 is 
applied in a somewhat modified form, 

Fig. 4 represents a vertical section through a 
building which is equipped with an arrangement 
on the principle of Fig. 1 for cooling its rooms, and 

Fig. 5 represents. a horizontal section through 
the building wall just below the roof in Fig. 4, 
the refrigerating devices appearing in plan view. 

I shall first describe the use of relatively dry air 
for transferring heat from a low temperature 
to a high temperature by means of the apparatus 
shown in Fig. 1. Two vessels and 2 are shown 
there, formed and arranged such that they are 
capable of bringing an absorption solution and 
atmospheric air into contact with, one another in 
counter current over an appreciable path. As 
absorption solution any suitable alkaline liquor 
may be used, which at the beginning of the proc 
ess may be Saturated with Water to a concentra 
tion corresponding to the prevailing temperature 
and the low partial pressure of the Water vapor in 
the surrounding relatively dry air. By any suit 
able means known in the art, and not shown in 
Fig. 1, the absorption solution may be started to 
flow from vessel through connecting pipe 3 
into the vessel 2, and through the connecting pipe 
4 back to the vessel . The relatively dry atmos 
pheric air enters at 5 and is moved by any con- . 
ventional circulating means, not shown in Fig. 1, 
over the solution in vessel , and into a vertically 
downwardly leading tube 6, through which it is 
conveyed into vessel 7 which contains pure water. 
After it has traversed this vessel it rises in the 
vertical tube 8 and enters the absorption vessel 2 
which it traverses in the direction of the arrow, 
leaving this vessel through the discharge tube 9 
through which it reenters the atmosphere. 
The atmospheric air which enters at 5 can at 

first not absorb any moisture from the Solution 
in vessel because, as was already mentioned, 
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this solution has a saturation corresponding to 
the prevailing partial pressure of the water vapor 
and the prevailing outside temperature. As soon 
as this, dry air has passed through tube 6 and 
has come in contact with pure water in vessel T, 
it will absorb water vapor in its passage through 
this vessel. The heat necessary for this evapora 
tion is assumed to be supplied to this vessel 7 in 
sufficient amounts, so that the temperature in 
vessel T will not be appreciably lowered. The air 
then passes through tube 8 into the absorption 
vessel 2. Here it will give up part of its water 
vapor content to the absorption solution, because 
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the partial pressure of the water vapor in the 
air is now higher than the saturation pressure of 
the absorption solution. When the air is thus 
relieved of its excess water vapor it is discharged 
through tube 9 into the atmosphere. During 
the absorption of water vapor by the solution in 
vessel 2, heat is generated which will result in an 
increase of Solution temperature. This warm 
Solution, rich in Water passes through tube 4 into 
the absorption vessel for the following rea 
sons.' Warm solution is also contained in the 
lower portion of the ascending branch of tube 
4 which dips into vessel 2. It has therefore the 
tendency to rise in that branch. When the solu 
tion reaches the horizontal portion of tube 4 it is 
gradually cooled and therefore becomes denser. 
Thus the solution enters the descending branch 
of tube 4 with a specific weight greater than its 
weight in the ascending branch and therefore has 
the tendency to descend in the descending 
branch. This circulation based upon the differ 
ence in specific weights, once started, continues 
so long as a sufficient difference in temperature 
between the solutions in vessels f and 2 prevails. 
As a consequence of this circulation the liquid in 
vessel tends to assume a level higher than the 
level prevailing in vessel 2. As a result of this 
difference liquid will flow from vessel through 
pipe 3 to vessel 2 as indicated by the arrow, and 
thus a liquid circulation between the two vessels 
is maintained automatically, once the system is 
set into operation. In this manner a store of rich 
solution is always maintained in vessel . Any 
vapor and gas bubbles which might tend to collect 
at the highest point of tube 4 rise into the venting 
vessel fo, whence they can be removed from time 
to time. 
The relatively dry atmospheric air entering at 

5 is able to now absorb from this rich solution 
water vapor. By means of conventional radiat 
ing fins or other suitable heat exchange devices, 
well known in the art and not shown in this 
figure, care is taken that the heat consumed by 
the abstraction of water from the Solution 
through the air, is supplied in sufficient quantities 
from the outside without appreciably lowering the 
temperature in vessel . 
The air which has thus been enriched with 

water in vessel will still absorb more water on 
its passage through vessel T, because this vessel 
as stated before contains pure water. The air 
thus heavily enriched with moisture can now, give 
up more moisture on its passage through vessel 
2 even at comparatively high temperatures. 
Therefore, this entire process may be used for 
producing useful. heat at a high temperature 
which may be abstracted from vessel 2 by any 
conventional means. This air is discharged from 
vessel 2 through tube 9 into the atmosphere at a 
degree of moisture content higher than that of 
the air entering vessel f at 5, because the absorp 
tion solution in vessel 2 has at the higher tem 
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perature also a higher saturation pressure. The 
warn and moist air automatically rises in the 
vertical tube 9, and thereby produces a natural 
draught which now maintains an automatic cir 
culation of air through the apparatus in the direc 
tion of the arrows shown, without the continued 
use of artificial ventilating means which, as was 
stated before, are necessary to start the appa 
ratuS. 
The water in vessel T which is consumed during 

the operation may be replenished thru tube 7. 
By means of the heat insulating walls 22, 24, 
vessels and 7, which must be supplied with heat 
at a low temperature from their Surroundings, 
are insulated from vessel 2 in which useful heat 
at a high temperature is produced. 
The arrangement may be made also in Such 

manner that useful cold is produced instead of 
useful heat. For this second purpose it is only 
necessary to dissipate the heat produced in ab 
sorption vessel 2 sufficiently fast, so that the tem 
perature in vessel 2 cannot rise appreciably above 
that of its surrounding atmosphere. In this case 
the absorption solution in vessel 2 will be so 
heavily saturated with water that after it has 
entered vessel it will be capable to give up 
water vapor to the entering relatively dry air also 
at temperatures lower than the temperature Sur 
rounding vessel . The cold thus produced in 
vessel may be used for cooling purposes. Also 
the lower temperature which the evaporation in 
vessel 7 tends to produce may be maintained at 
a desired level and employed for useful purposes. 
The atmospheric air which is discharged from 

vessel 2 through tube 9 is considerably richer in 
water than the air entering at 5, though it has 
already discharged some of its moisture to the 
solution in vessel 2. Furthermore, it enters vessel 
2 at a degree of moisture content which is higher 
than that of the air discharged through pipe 9. 
This temporary increase in moisture content above 
the final content at which the air is discharged, 
provides means by which, according to the present 
invention, the largest possible number of calories 
are obtained from a given quantity of water at a 
desired moderate cooling or heating temperature. 
It must be considered that in Such an arrange 
ment and process not only a certain amount of 
pure water evaporates in vessel , but that in 
vessel also the amount of water is evaporated 
which the solution has absorbed in vessel 2, so 
that under favorable circumstances a multiple of 
the amount of water evaporated in vessel is 
brought into use to produce the desired caloric 

' effects. 
After the air taken in at 5 has traversed the 

apparatus it is still quite far removed from the 
limit of water vapor saturation, because-as 
aforementioned-after it has been saturated with 
water vapor in vessel 7 it has given up consider 
able amounts of this vapor again to the solution 
in vessel 2. If it should now be desired to run 
such an apparatus with the smallest possible 
amount of air, it is only necessary to lead the 
air discharged at 9 through a second similarly 
constructed apparatus in which it goes through 
the same process of variation in moisture con 
tent, so that again cold or heat is produced, as 
the case may be, at the same prevailing temper 
atures. If desired, this process may be repeated 
several times more with the same amount of air. 
In Fig. 2 an arrangement is shown in which 

the degree of moisture of relatively dry air may 
be lowered through the existence of a given dif 
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time the water derived from the air may be col 
lected. In this figure, two absorption vessels are 
indicated at and 12. The relatively dry air, to 
be further deprived of moisture, enters vessel 2 
at 9, and is discharged from vessel if at 5. It 
traverses in succession vessel 2, tube 8, a con 
denser , the downwardly leading tube 6, ab 
sorption tube , at the end of which discharge 
tube 5 is provided. The two absorption vessels 
are connected by means of the liquid conducting 
tubes 3 and 4. The heat necessary for carry 
ing out this process is assumed to be supplied 
by the rays of the Sun. For this purpose a heat 
insulating wall 20 is provided which protects the 
portions of the apparatus on the left side of the 
wall from the sun's rays, whereas portions to the 
right of it, in particular the absorption vessel 
2 and the upwardly, leading portion of pipe 3 
are exposed to the sun's rays which are indicated 
by the inclined arrows. The condensate which is 
produced in condenser T is collected in vessel 2. 
This arrangement operates as follows: 
At the beginning the absorption solution in 

vessels f and f2 has a saturation pressure corre 
sponding to the partial pressure of the water va 
por in the surrounding atmosphere. Due to the 
temperature increase in vessel 2 by exposure to 
the sun's rays, the saturation pressure in this 
vessel rises. The relatively dry air entering at 
9 will, therefore, absorb moisture from the solu 

tion in vessel 2 at this higher temperature. The 
heat required for this process is supplied by the 
sun's rays. The air which tends to rise due to 
its higher temperature rises in pipe 8, traverses 
condenser 7, where it is cooled in the shade and 
descends through pipe 6 into the absorption Wes 
sel . Here the cooler air yields to the cooler 
absorption solution more moisture than it had 
taken up from the warmer solution in vessel 2. 
The heat produced by this absorption is dissi 
pated to the cool surroundings in the shade by 
suitable means, such as radiating ribs or fins, not 
shown in Fig. 2, so that the temperature of ves 
self does not rise appreciably above the tem 
perature prevailing in the shade. By this ab 
sorption of moisture from the air, the solution 
in vessel has become richer in water and the 
richest at the end at which it comes in contact 
with the moist air entering through pipe 6. This 
richest portion of the absorption solution is dis 
charged from vessel through pipe 3 into ab 
sorption vessel 2 at the end where the air pass 
ing through vessel 2 coming in contact with the 
extremely rich absorption solution entering the 
vessel through pipe 3, will still further enrich its 
moisture content and will thus enter vessel 
through tube 6 at a still higher degree of mois 
ture content... than the air which had passed 
through vessel i? at the beginning of the process. 
The water content of the absorption solution in 
vessel is, therefore, still further increased and 
will in turn cause an increase of water vapor 
discharge to the air in vessel 2. Owing to the 
higher temperature prevailing in vessel 2 the 
absorption solution at the end of this vessel at 
which it comes first in contact with the relatively 
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dry air entering at 9 will be again deprived of 
a very large portion of its vapor. Thus when 
this impoverished solution is conveyed from that 
end of vessel 2 through pipe f4 into the left 
hand end of vessel , it will deprive the air about 
to be discharged from vessel through pipe 5 
of its moisture to such an extent, that the air is 
discharged through pipe 5 with a moisture con 
tent lower than that of the air entering at 9. 

3 
The amount of water thus abstracted from the 
air by the apparatus is accumulated in the por 
tions of the absorption vessels which are con 
nected with the condenser , i. e. in vessel f at 
the right hand end, and in vessel 2 at the left 
hand end. The air passing through the condens 
er T thus will have a higher and higher moisture 
content until a saturation point has been 
reached, at which the temperature in the shade 
is sufficiently low to condense the moisture con 
tained in the air. The water of condensation col 
lects in vessel 2, and from that point on the 
operation remains steady and continuous, i. e. 
an amount of water is condensed in vessel 7 
equal to the difference in moisture content be 
tween the air entering at 9 and leaving at 5. 
The dry air leaving at 5 can be used for cooling 
or drying purposes. Besides, the water collected 
in vessel 2 from the air may be of value in an 
arid country. 
Since the air in ascending pipe 8 is warmer 

than the air in the descending pipe 6 an auto 
matic draught is produced which continues draw 
ing air through the apparatus during its normal 
Operation. Likewise, the difference in tempera 
ture between the absorption solution in the cooler 
descending branch of pipe 3 and the warmer 
ascending branch of this pipe automatically 
brings about circulation of the absorption solu 
tion between vessels and 2. 

Notwithstanding the fact that the atmospheric 
air discharged at 5 has a smaller moisture con 
tent than the air entering at 9, the air is first 
enriched in moisture during its passage through 
the apparatus beyond its original moisture con 
tent. This enriching which brings the air con 
dition beyond the stable limits defined by the 
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moisture contents at the beginning and at the 
end of the process is also here the means by 
which according to the invention the precipita 
tion of water is rendered possible in the most 
economical way. 
The arrangement shown and described with 

reference to Fig. 2 may be modified in several dif 
ferent ways. If operated as just described, it is 
obvious that air enters the absorption vessel 
through pipe 6 with a moisture content greater 
than its content when entering at pipe 9. Since 
on the other hand it leaves the apparatus at 5 
with a moisture content Smaller than that of the 
entering air, there must exist in vessel at one 
point along its path a condition in which the 
moisture content in the air is exactly equal to 
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that of the air entering at 9. Therefore, vessel 
could be divided into two parts, one part of 

which treats the air so that it leaves, deprived 
of moisture, such as at point 15, while in the 
other part the moisture content of the air re 
mains always above that of the air under treat. 
ment. Thus an arrangement can be made in 
which the air under treatment passes only 
through one comparatively short vessel, while in 
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the remaining vessels a fixed amount of air con 
stantly circulates in a closed circuit. 
rangement is shown in Fig. 3. 

In principle the operation of Fig. 3 is thus the 

This ar 
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same as in the arrangement shown in Fig. 2. 
The absorption vessel of Fig. 2 is divided in 
Fig. 3 into two vessels, if and fl', which are 
both traversed by the absorption solutions in the 
direction of the arrows. Similarly absorption 
vessel 2 of Fig. 2 is divided in Fig. 3 into two 
vessels 2 and 2''. Wessel fl' is connected with 
2' by means of liquid pipes 3 and 43, and ves 

sel f' is connected with 2'' by the liquid pipes 75 
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, 4 and 40, so that two independent liquid cir 
cuits are established. Vessels 12' and 2' are 
exposed to heat, the same as the right side of the 
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apparatus in Fig. 2, while the other vessels are 
all located in a cooler place, such as in the shade. 
The atmospheric air to be deprived of moisture 
enters' vessel through pipe 33, and leaves this 
vessel through pipe 34. During the passage of 
air through this vessel the solution contained in 
the latter absorbs water vapor from the air. The 
absorption solution in vessel f ' thus enriched 
with water passes into vessel 2'' in the direction 
of the arrows and discharges, owing to the pre 
Wailing higher temperature, the same amount of . 
water vapor into the air passing through that 
vessel as was absorbed from the air passing 
through vessel f'. The air passing through 
vessel 2' travels in a closed circuit between 
absorption vessels f2'' and 'in the following 
rane: - 

The air from vessel 2' passes by way of the 
vertical pipe 37 into the horizontal pipe 4 (due 
to its higher temperature) and thence through 
the descending pipe 6 into the absorption ves 
self. It passes through this vessel and out at 
the other end by way of the vertical pipe 32, 
horizontal pipe 42, and vertically descending pipe 
9 back into vessel 2’. In the absorption ves 

sel the air enriched with water vapor ini ves 
sel 2’ discharges its vapor into the absorption 
Solution which thereby becomes enriched, so that 
when this solution passes through pipe 43 into 
vessel f2', it will discharge in that vessel into the 
air therein the same amount of water vapor which 
it had absorbed in vessel f’. This air heavy 
laden with moisture passes through the veritcal 
ly rising pipe 8' into the condensing vessel T 
lwhere, owing to the low temperature at which 
this vessel is maintained, moisture is condensed. 
This amount of moisture which is thus condensed 
from the air is always resupplied to the air when 
it passes again through vessel 12' due to the 
high moisture content of the solution in that 
vessel. The condensate flows from condenser f7 
through pipe 44 into the collecting vessel 45, from 
which it can be drawn through the cock 46. 
The air which leaves absorption vessel f2' 

through pipe 37 is not so moist that at the pre 
vailing surrounding temperature the water could 
be precipitated from it by condensation. In order 
to withdraw the water vapor from that air the 
latter is conducted in vessel f’ in counter cur 
rent over the coole' absorption Solution in that 
vessel to which it yields its moisture. 
An arrangement operating according to the 

principle described above can be utilized for cool 
ing the rooms of a building. This is shown in 
Figs. 4 and 5. This apparatus follows the under 
lying principle involved in the arrangement 
shown in and described with reference to Fig. 1, 
except that in Fig. 1 useful heat is the object 
while in Figs. 4 and 5 cooler and drier air is the 
object. On the shady side of the building of Fig. 
4, for instance, outside of its north wall N a ver 
tical absorption tank B is provided. This tank 
may extend across the entire wall as shown in 
Fig. 5, and be of rectangular transverse section. 
Into this vessel, which contains absorption solu 
tion in its lower portion, is supplied outside air 
of prevailing moisture content through inlet pipes 
8 located a short distance above the level of the 
liquid. This air rises in vessel B and thereby 
comes in contact, in counter current, with lean 
absorption solution supplied at the top through 
pipe C and trickling down over trays b'. The air 
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which has thus been deprived of most of its mois 
ture and has become warmer through the heat 
of absorption produced in vessel B, is discharged 
from the vessel at 82 and passes by way of pipe 
D into a large vessel G mounted in the attic F 
of the building. On its way to tank G. pipe D 
passes through a wider pipe E. Wessel G is pro 
vided with flat trays g’ arranged in the tank as 
shown, and is supplied with water from a storage 
tank H, So that the water entering the vessel 
from the top will trickle over trays g” towards 
the bottom. The air entering vessel Gat. 85 trav 
els through the vessel in Zig-Zag fashion, there 
by passing over the water in the trays g', there 
by being slightly moistened by the water vapor 
produced by the evaporation of pure water. Prin 
cipally, however, the air is very strongly cooled 
by the water evaporation. It leaves vessel G at 
86 and enters the wide pipe E, whereby it en 
ters into heat exchange with the air passing 
through pipe D, precooling the air in the latter 
pipe, and passes through an opening i' through 
the ceiling I into room. K. Therefore, the tem 
perature of room K is considerably lowered 
through air which is cooler and drier than the 
Outside air. The air passes from room K through 
an opening 87 in partition Linto room Min which 
it sinks to the bottom where it is discharged 
through a pipe S" at the bottom of the South 
Wall S of the building. Through this pipe it 
enters vapor expulsion vesse P at 83. This ves 
sel extends across the side of the building, similar 
to vessel B, but preferably on the south side S 
So that it is effectively exposed to the rays of 
the Sun. The air current entering vessel P 
through inlet 83 is heated, and in rising takes up 
water vapor expelled by the heat from the rich 
absorption Solution which is supplied through 
pipe Q to the top of vessel P and in which it 
trickles down over Small trays similar to trays b' 
of vessel B. The moisture laden air is discharged 
from vessel Pinto the open through pipe 84 near 
the top of the vessel. The arrows in Fig. 4 indi 
cate the course of the air just described. 
The absorption solution collects in lean condi 

tion in the lower portion of vessel P from which 
it is drawn off by means of a pump 90 and de 
livered by the aforementioned supply pipe C to 
the top of vessel B. A second pump 9f draws 
the Water laden solution from the bottom of ves 
sel B and delivers it through the aforementioned 
pipe Q to the top of vessel P. Thus is estab 
lished a steady liquid circuit by way of B, 9, Q, 
P, 90 and C. In the vessel P the air becomes 
moister, and in the vessel B the air becomes drier 
and slightly warmer. The strong cooling of the 
air stream occurs in the vessel G, owing to the 
vigorous evaporation of pure water occurring in 
trays g’. Thereby the air is slightly enriched with 
moisture, but not to the extent of the moisture 
content of the air entering the apparatus at 8. 
Its temperature is slightly raised, above that 
which it assumed in vessel G, by the heat ex 
changer E, so that when the air enters room K 
its relative moisture content and its temperature 
are lower than those of the atmospheric air. The 
drying process of the air which occurs within the 
range of lower temperature is reversed within the 
range of higher temperature by the return to 
it of a large amount of moisture from the ab 
sorption solution in vessel P before the air is dis 
charged into the open. Thus also an automatic 
regeneration of the absorption solution, enriched 
in vessel B in a low temperature range, occurs in 
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vessel P as a reverse process in a high tempera 
ture range. 
The draught produced in vessel P through 

gradually warming - air in the vessel is usually 
Sufficient for producing an effective and uniform. 
air current through vessels B and G, through 
rooms K, M and through vessel P. If it should 
be desired to increase the speed of the air current 
any well known means such as ventilators may 
be installed at suitable points. They are omitted 
in Fig. 4, being not necessary elements concerned 
with the operation of the apparatus according to 
the invention. 

All modifications shown and described and by 
which the principle involved in the invention may 
be reduced to practice have in common the novel 
idea according to which through atmospheric air 
exchange of water vapor is brought about within 
a certain partial pressure Zone, but between two 
ranges of different temperature and different con 
centration of the absorption solution, whereby 
the change in condition of the absorption medium 
occurring at lower temperature is reversed at 
higher temperature, and whereby the change in 
condition of the absorption medium occurring at 
higher temperature is reversed at lower tempera 
ture. The amounts of water either gained or to 
be expended must be respectively drawn off or 
Supplied from the outside. 

I claim: 
1. A thermodynamic process for varying the 

moisture of atmospheric air by means of water 
Vapor absorbing materials, consisting in ex 
changing, by means of an air stream, water vapor 
between a body of absorption material of a given 
degree of concentration and a similar body of 
a different degree of concentration, and in the 
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evaporation of the vapor from one body within 
a temperature range different from the tem 
perature range at which the other body absorbs 
the vapor, whereby the change in vapor concen 
tration of one body within the lower temperature 
range is reversed in the higher temperature 
range, and the change in vapor concentration 
of the other body within the higher tempera 
ture range is reversed in the lower temperature 
range. 

2. A thermodynamic process for varying the 
absolute moisture content of atmospheric air, 
consisting in conducting the air successively 
through two vessels containing a water vapor 
absorbing Solution and forming a circulation sys 
tem for said solution, and being exposed to dif 
ferent temperature ranges, whereby the supplied 
air yields within one temperature range in one 
of said vessels to the solution therein a given 
amount of water vapor, and takes up within the 
other temperature range in the other vessel from 
the solution therein a sufficient amount of water 
vapor, to vary the moisture content of the air 
within one of Said temperature ranges in excess 

75 

of the normal state appertaining to that range, 
and to reverse said variation within the other 
temperature range, whereby the net excess 
amount of moisture thus either abstracted from 
or supplied to the air constitutes a quantity equal 
to the difference in the absolute moisture content 
between the air supplied to and discharged from 
the System. 

3. A thermodynamic process for producing 
cold or heat consisting in bringing atmospheric 
air within a given temperature range in contact 
with one portion of a vapor absorbing solution, 
then bringing the air in contact with pure water 
and then bringing the air, within a temperature 

5 
range, higher than the first mentioned range, in 
contact with another portion of said absorbing 
solution and in circulating the Solution between 
said two portions, whereby either in one of said 
portions useful heat, or in the other portion use 
ful cold can be produced. 

4. In a continuous thermodynamically Operat 
ing system including a water evaporating vessel 
and two vessels operating in two different ten 
perature ranges and containing water vapor ab 
sorbing solution and forming a solution circulat 
ing system, the thermodynamic process for 
moistening atmospheric air, consisting in paSS 
ing the air first over the absorption solution in 
the vessel of lower temperature range to moisten 
it by the water content of Said solution, then 
passing the air through said water evaporating 
vessel to further moisten it, and lastly passing the 
air over the absorption solution in the vessel 
of higher temperature range for regenerating the 
absorption solution by absorption of moisture 
from the air before the latter returns to the at 
mosphere. o 

5. In a continuous thermodynamically operat 
ing system, including a water evaporating vessel 
and two vessels operating in two different ten 
perature ranges and containing water vapor ab 
sorbing Solution and forming a Solution circulat 
ing system, the thermodynamic process for vary 
ing the absolute moisture content of atmospheric 
air, consisting in passing the air first over ab 
sorption solution in the vessel of lower tempera 
ture range to deprive the air of moisture, then 
cooling the air by passing it through said water 
evaporation vessel, and lastly passing the air 
over absorption Solution in the vessel of higher 
temperature range, for regenerating the absorp 
tion solution by expelling part of its Water con 
tent into the air before the latter returns to the 
atmosphere. 

6. In a thermodynamically operating air con 
ditioning system for rooms, including a pure 
water evaporating vessel, a vapor absorbing solu 
tion circuit containing an absorption vessel 
located within a given temperature range and an 
expulsion vessel located within a temperature 
range higher than the first mentioned range, the 
thermodynamic process for drying and cooling 
atmospheric air, consisting in passing the moist 
atmospheric air through said absorption vessel 
to dry it, then passing it through Said evaporating 
vessel to cool it, then passing it through the 
rooms to be cooled and lastly passing it through 
said expulsion vessel wherein the Water in the 
enriched solution is expelled into the air before 
the latter returns to the atmosphere for re 
generating the absorption solution. 

7. In a thermodynamically operating air con 
ditioning system for rooms, including a pure 
water evaporating vessel, a vapor absorbing solu 
tion circuit containing an absorption vessel 
located within a given temperature range and an 
expulsion vessel located within a temperature 
range higher than the first mentioned range, the 
thermodynamic process for drying and cooling 
atmospheric air, consisting in passing the moist 
atmospheric air through said absorption vess' l 
to dry it, then passing the air slightly warmed 
by the drying through said evaporating vessel to 
extensively cool it, then bringing this cooled air 
into heat exchange with the warm air entering 
the evaporating vessel to slightly re-heat the 
cold air, then passing it through the rooms to be 
cooled and lastly passing it through said ex 
pulsion vessel wherein the water is expelled from 
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the solution into the air before the latter returns 
to the atmosphere for regenerating the absorp 
tion solution. 

8. In a thermodynamically operating system 
for absorbing and separating moisture from rela 
tively dry atmospheric air, including a condenser, 
an absorption vessel and an expulsion vessel, both 
of said vessels being connected into a liquid cir 
cuit and containing water vapor absorption solu 
tion, the expulsion vessel being located within a 
range of a given temperature sufficient to expel 
Vapor from the Solution, the condenser and the 
absorption vessel being located within a lower 
temperature range for condensing pure vapor in 
the condenser and for absorbing vapor into the 
solution in the absorption vessel, the thermody 
namic process of conducting the moist atmos 
pheric air first through the expeller to excessively 
moisten it within the higher temperature range, 
then conducting it through the condenser and 
through the absorber within the lower tempera 
ture range, and discharging it from the absorber, 
whereby the air is deprived of a part of its mois 
ture in the condenser and of a part of it in said 
absorber, the moisture abstracted in the condens 
er constituting the difference in moisture content 
between the atmospheric air supplied to the ex 
peller and that discharged from the absorber. 

9. Apparatus for cooling air comprising a 
chamber containing absorbent material, an evap 
orator, a heat exchanger and means for causing 
air to flow in sequence through said chamber, 
a portion of said heat exchanger, said evaporator 
and another portion of said heat exchanger 
whereby heat is transferred from one body of air 
to another as it passes through the heat ex changer. 

10. Cooling apparatus comprising a first cham 
her containing absorbent material, an evaporator, 
a heat exchanger, a second chamber containing 
absorbent material and means for causing air to 
flow in series through said apparatus, the path 
of flow being through the first chamber, a portion 
of the heat exchanger, the evaporator, another 

70 

s 

portion of the heat exchanger and the second 
chamber. 

11. The combination with a building of appa 
ratus for conditioning the air therein, including a 
plurality of interconnected vessels containing ab 
sorbent material capable of modifying the condi 
tion of the air passing thereover, one vessel being 
located on the sunnyside of the building whereby 
it is heated by the sun, and another vessel being 
located on the shady side of the building where 
by it is shielded from the sun, and connections 
between said vessels, said room and the atmos 
phere such that air flows through one vessel 
where its condition is modified and then into the 
room, while exhaust air from the room flows 
through the other vessel where its condition is 
modified and then to the atmosphere. 

12. Apparatus for cooling and drying air in 
cluding two vessels containing absorbent ma 
terdal, an evaporator, means for causing air to 
flow in series through one vessel, the evaporator 
and the other vessel, means for causing the ab 
sorbent material in the first vessel to remove 
moisture from the air to dry the air, means for 
causing water to evaporate into the air in the 
evaporator to cool the air and means for causing 
air flowing through said other vessel to remove 
moisture from the material to dry the material. 

13. Apparatus for removing moisture from air 
comprising a first and 8 second chamber each 
containing absorbent material, said chambers be 
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ing in free communication with the atmosphere, 
Conduit means connecting said chambers to each 
Other, Said first chamber being exposed to a 
Source of heat to cause the liberation of moisture 
to the air from the absorbent material, at least a 
portion of Said conduit means and said second 
chamber being unexposed to said source of heat 
whereby some of Said moisture condenses and 
collects in said conduit means, and additional 
moisture is absorbed in said second chamber. 

14. Cooling apparatus comprising three cham 
bers connected in series, said first and last cham 
bers containing absorbent material arid the inter 
mediate chamber being an evaporator, one of said 
absorber chambers being exposed to a source of 
heat and the other being shielded therefrom 
whereby the temperature of the same is main 
tained below that of said one absorber, said evap 
Orator containing water, an air inlet to said 
cooler absorber and an air outlet from said heated 
absorber whereby the air is dehydrated in the 
first absorber, cooled in the evaporator and heat 
ed in the other absorber to cause thermosyphonic 
circulation of the air through the apparatus. 

15. In apparatus for continuously drying air 
the combination of two chambers containing ab 
sorbent material and connected in circuit for the 
circulation of absorbent material therethrough, 
one of said chambers being exposed to radiant 
Solar energy and the other being shielded there 
from whereby one chamber is maintained at a 
higher temperature than the other, and the ab 
sorbent is caused to circulate, and means whereby 
air may pass over the absorbent in each chamber, 
the air passing through one of said chambers be 
ing dried for a useful purpose, while the air pass 
ing through the other chamber aids in reactivat 
ing moist absorbent derived from said drying 
chamber. 

16. The method of conditioning at room which 
comprises passing air over cold absorbent to par 
tially dry the same, cooling the air by evaporating 
water thereinto, conducting the air to the space 
to be conditioned and reconditioning the first 
absorbent by exposing a portion thereof to radiant 
Solar energy, passing exhaust air from said space 
thereover, and returning said portion to the dry 
ing Zone. , 

17. The method of conditioning a room which 
comprises passing air over cold absorbent to de 
humidify the air, cooling the air by evaporating 
water thereinto, conducting the air into the 
Space to be conditioned and exhausting air from 
said space by exposing a vertical column thereof 
to the heat of the sun. 

18. The method of conditioning a room which 
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comprises passing air over a cold body of absorb 
ent to dehumidify the air, evaporating water into 
the air to cool the same, conducting the air to 
a space to be conditioned after first passing it into 
heat exchange relation to the air leaving the 
absorbent material, and exhausting other air. 
from the space being conditioned. w 

19. The method of conditioning a room com 
prising passing air over a body of active absorb 
ent material to dehumidify the air, evaporating 
water into the air to cool the same, conducting the 
cooled air to a space to be conditioned, exposing 
portions of said active absorbent to a source of 
heat and passing exhaust air from said space 
over said heated absorbent whereby moisture is 
liberated, and the absorbent reconditioned. 

20. The method of conditioning a room com 
prising passing air over a body of absorbent ma 
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into the air to cool the same, conducting the 
cooled air to a space to be conditioned, and simul 
taneously reactivating said absorbent by circu 
lating at least portions thereof past a point ex 
posed to a source of heat. 

21. The method of conditioning a room by ten 
porarily modifying the temperature and relative 
humidity of air by means of Solar energy com 
prising passing atmospheric air over a body of 
absorbent material to dehumidify the air, evapo 
rating water into the air to cool the same, Con 
ducting the cooled air to a space to be condi 
tioned, and simultaneously reactivating said ab 
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sorbent by circulating at least portions thereof 
past a point exposed to radiant Solar energy. 

22. The method of conditioning a room by tem 
porarily modifying the temperature and relative 
humidity of air by means of solar energy com 
prising passing atmospheric air over a body of 
absorbent material to dehumidify the air, evapo 
rating water into the air to cool the same, Con 
ducting the cooled air to a space to be conditioned, 
circulating the absorbent past a point exposed to 
radiant solar heat, and exhausting the air from 
said space by passing it over heated portions of 
said circulating absorbent whereby the absorbent 
is reactivated and the hot air rises by convection. 

23. The method of conditioning a room by tem 
porarily modifying the temperature and relative 
humidity of air by means of Solar energy Com 
prising passing atmospheric air over a body of 
absorbent material to dehumidify the air, evapo 
rating water into the air to cool the same, con 
ducting the cooled air to the upper portion of 
the space to be conditioned, circulating the ab 
sorbent past a point exposed to radiant Solar heat, 
and exhausting the air from said space at a point 
removed from the point of delivery by passing 
it over heated portions of said circulating ab 
sorbent whereby the absorbent is reactivated and 
the hot air rises by convection. 

24. That method of conditioning a space which 
includes passing air into contact with an ab 
sorbent medium to dry the air, conducting the 
air to the space to be conditioned, exhausting 
other air from said space and passing it into the 
presence of partially saturated absorbent medium, 
and subjecting said last mentioned medium to 
solar energy whereby the same is regenerated so 
that said medium can be again used in drying 
air for said space. 

25. The process of conditioning air which in 
cludes passing a stream of air over two bodies of 
absorbent material so arranged that one body is 
subject to the heat of the sun and the other 
body is protected therefrom, the arrangement 
being such that the air passes over first one body 
of material and then over the other, and the Con 
dition of the absorbent material being such that 
one of said bodies removes moisture from the 
air and the other gives up moisture to the air 
as the air passes thereover whereby the relative 
humidity of the air is changed and the ten 
perature of the air is also changed by the heat 
of vaporization and the heat of absorption. 

26. The process of conditioning air which in 
cludes passing a stream of air over two bodies of 
absorbent material so arranged that one body is 
subject to the heat of the Sun and the other body 
is protected therefrom, the arrangement being 
such that the air is caused to pass by gravity 
action over first one body of material and then 
over the other by reason. Of the difference in ten 
perature of different portions thereof, and the 
condition of the absorbent material being such 
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that one of said bodies removes moisture from 
the air and the other gives up moisture to the air 
as the air passes thereover, whereby the relative 
humidity of the air is changed and the tempera 
ture of the air is also changed by the heat of 
vaporization and the heat of absorption. 

27. Apparatus for conditioning air which in 
cludes a plurality of interconnected Wessels con 
taining absorbent material, said vessels being so 
arranged that at least one vessel is subject to a . 
source of theat and another vessel is protected 
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therefrom, whereby the absorbent material in one 
vessel is warmer than that in another vessel, said 
vessels being so arranged that air flows through 
said vessels in series, and the condition of Said 
absorbent material being such that moisture is 
removed from the air for a useful purpose as it 
passes through one of said vessels and moisture 
is added to the air as it passes through another 
of said vessels. 

28. Apparatus for conditioning air which in 
cludes a plurality of interconnected vessels con 
taining absorbent material, said vessels being so 
arranged that at least one vessel is subject to a 
source of heat and another vessel is protected 
therefrom, whereby the absorbent material in 
one vessel is warmer than that in another vessel, 
said vessels being so arranged that air flows 
through said vessels in series, and the condition 
of said absorbent material being such that mois 
ture is removed from the air for a useful pur 
pose as it passes through one of said vessels and 
moisture is added to the air as it passes through 
another of said vessels, the circulation of air 
through said vessels being produced by the ten 
perature differences existing in said vessels. 

29. Apparatus for conditioning air which in 
cludes a plurality of interconnected vessels con 
taining absorbent material, said vessels being so 
arranged that at least one vessel is subject to 
the heat of the sun and another vessel is pro 
tected therefrom, whereby the absorbent material 
in one vessel is warmer than that in another ves 
sel, said vessels being so arranged that air flows 
through said vessels in series, and the condition 
of said absorbent material being such that nois 
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ture is removed from the air for a useful purpose 
as it passes through one of said vessels and mois 
ture is added to the air as it passes through 
another of said vessels. 

30. That method of conditioning air which in 
cludes passing air into intimate contact with 
hygroscopic material capable of absorbing mois 
ture from the air, evaporating water into the air 
after its relative humidity has been thus reduced 
for the purpose of cooling the same, conducting 
the conditioned air to a space to be conditioned, 
and simultaneously regenerating said hygroscopic 
material after it has become at least partially 
Saturated with water vapor by passing a gaseous 
medium thereover while said material is being 
heated by solar energy whereby said material is 
reactivated for subsequent use in conditioning air. 

31. That method of conditioning air which in 
cludes reducing the relative humidity of air by 
the use of hygroscopic material capable of ab 
sorbing water vapor, simultaneously cooling and 
increasing the relative humidity of the air for use 
in a space in which it is desired that the ten 
perature and relative humidity of the air be at 
some value other than that provided by raw 
atmospheric air, and simultaneously regenerating 
at least portions of said hygroscopic material for 
subsequent use in conditioning additional air by 
subjecting it to solar energy whereby its tempera 
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ture is raised and the water vapor contained 
therein is liberated and said material is reac 
tivated. 

32. Apparatus for separating a vapor from a 
gaseous medium comprising means for conduct 
ing vapor laden medium over an absorbent mate 
rial to remove said vapor, means for subsequently 
conducting a gas heated by solar energy over a 
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portion of said material containing vapor whereby 
said vapor is liberated and said material is re 
generated for use in Subsequently absorbing vapor 
while another portion of relatively dry absorbent 
material is being utilized to separate vapor fro 
a gaseous medium. 

EDMUND ALTENKIRCH. 

  


