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The present invention relates to air conditioning sys 
tems of the type which cool inhabited air spaces and the 
like; and more particularly, to air conditioning systems 
which both cool and control the humidity of air spaces. 
An object of the present invention is the provision of a 

new and improved air conditioning system which cools an 
air space without utilizing refrigeration machines of any 
kind. 
A further object of the present invention is the provi 

sion of a new and improved air conditioning system which 
dehumidi?es entering air to a low relative humidity by 
means of a chemical dehumidi?er and then humidi?es a 
portion of the air to produce cooled water which in turn 
cools the other portion of the air by indirect means, such 
as an exchanger utilizing the chilled water from the 
humidi?er. 
The invention resides in certain constructions and com 

binations and arrangements of parts; and further objects 
and advantages of the present invention will become ap 
parent to those skilled in the art to which it relates from 
the following description of several preferred embodi 
ments described with reference to the accompanying draw 
ings formings a part of the speci?cation, and in which: 

FIG. 1 is a schematic view of an air conditioning sys 
tem embodying principles of the present invention; 
FIG. 2 is a psychrograph which diagrammatically illus 

trates the psychrometric path of the air flowing through 
the system shown in FIG. 1; 
FIG. 3 is a diametric view similar to FIG. 1 but showing 

a second embodiment of air conditioning system utilizing 
principles of the present invention; and 

FIG. 4 is a psychrograph which diagrammatically illus 
trates the psychrometric path of the air passing through 
the system shown in FIG. 3. 
As previously mentioned, it is an object of the present 

invention to cool the air of an enclosed air space without 
using conventional refrigeration machinery. in the em 
bodiment shown in FIG. 1, outside air is passed through a 
chemical dehumidi?er 19 following which it is combined 
with return air from the air space. The combined flow 
comprising the air from the chemical dehumidi?er it}! and 
the return air from blower 11 and suction conduit 12a dis 
charge conduit 12b passes through a blower 13 and is then 
split into a ?rst and second portion. The ?rst portion 
passes through a ?rst branch header 14% to a humidi?er To, 
and then by means of a distribution header 18 to takeoif 
ducts 18a and 181), etc. which lead to a plurality of en 
closed air spaces, only two of which are shown. The 
second portion passes through a branch header 2%, and 
an indirect heat exchanger 22 to a second distribution 
header 24 having take-off ducts 24a and 2% etc. leading 
to the plurality of air spaces previously mentioned. The 
?ows from the take-01f ducts 24a, 241), etc. are combined 
with the flows from the respective take-off ducts 13a, 18b, 
etc. to control the temperature and humidity in each of the 
air spaces in any convenient manner—one suitable manner 
being that described in copending application Serial No. 
858,169, ?led December 8, 1959, and now Patent No. 
3,081,943. 
The chemical dehumidi?er it) may be of any suitable 

type, as, for example, that shown and described in United 
States Patent No. 2,420,993, and generally comprises a 
system whereby a solution of a chemical desiccant, such as 
lithium chloride, is passed over a contacting surface that is 
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suitably cooled. According to the principles of the present 
invention, the contacting surface is cooled by means of 
Water, or other suitable ch'dled solution, that is in turn 
cooled by means of a cooling tower 3%, so that all of the 
cooling which is utilized in the chemical dehumidifier 16 
is derived without the use of a cooling solution from a 
refrigeration machine. The cooling tower 30 which is 
used may be of any suitable type which e?iciently cools 
water to a temperature approaching the wet bulb tempera 
ture of the outside air. In the embodiment shown in FIG. 
1, the chilled Water from the cooling tower 36 is pumped 
by means of a pump 32 through a cooling coil as of the 
chemical dehumidi?er 1i? and then back to spray nozzles 
36 of the cooling tower 3'!) where evaporation of the water 
causes the desired cooling effect. Evaporation of some 
of the water chills the remainder, so that the water passing 
from the cooling tower will closely approach the wet bulb 
temperature of the outside air. it will be understood 
that makeup water is added to the system, e.g. through 
suitable spray nozzles in the tower 39 so that the added 
water is likewise cooled to a temperature approaching the 
wet bulb temperature of the outside air. 

According to further principles of the present inven 
tion, a further cooling elfect is had by means of humidi? 
cation of some of the air which has passed through the 
chemical dehumidi?er 1%. In the embodiment shown in 
FIG. 1 a portion of the air from the chemical dehumidi 
?er 19 passes through the duct 14 to the humidi?er 16 
wherein water is sprayed into the air by means or" suitably 
nozzles as to saturate the air, at least partially. Evapora 
tion of water is, of course, a cooling process, so that a 
portion of the water passing from the nozzles 40 is 
evaporated into the air stream passing to the duct 18 and 
the remainder of the water is cooled e?ciently to a tem 
perature approaching the wet bulb temperature of the 
air received from the dehumidi?er it}. The sprayed water 
from the nozzles 49 is received in a collector 42 and then 
passes to a pump 44 which circulates the chilled water 
through the indirect heat exchanger 22 which in turn cools 
the air passing through the second branch header 2%). The 
water that is pumped through the cooling coil 22 flows 
back to the nozzles 46 and is sprayed into the humidi?er 
16 where another portion of the water is evaporated and 
the water is again cooled to a temperature approaching the 
Wet bulb temperature of the air received from the de 
humidi?er lti. It will, therefore, be seen that the portion 
of the air passing through the ?rst branch header 14 is 
cooled by a direct exchange due to the latent heat of 
evaporation of water sprayed into the humidi?er 16, and 
that the portion of this cooling e?ect which is produced 
upon the water is used in the second branch header 20 
to produce a further cooling effect in this header. 
As previously stated, FIGURE 2 shows the psychro 

metric path of air circulated through the system of FIG 
URE 1. Numeral 1 indicates the psychrometric condi 
tion of the air entering the system before passing through 
the chemical dehumidi?er ltl. After passing through the 
chemical dehumidi?er it has the condition indicated at 2, 
and the condition of the return air is indicated by a point 
3, so that the mixture will have the psychrometric condi 
tion indicated by a point 4 on the diagram. Thereafter, 
the air passing through the humidi?er 16 will be humidi 
?ed, e.g. along an adiabatic line, preferably to a condition 
less than saturated as indicated by a point 5 on the dia 
gram. The air being cooled in the exchanger 22, which is 
shown as an indirect cooling coil, moves horizontally on 
the psychrometric graph to the condition indicated by a 
point 6 on the diagram. The air entering the space will, 
therefore, have properties intermediate the points 5 and 
6 depending upon the proportions in which the air from 
the headers 18 and 24 are proportioned. 
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The embodiment shown in FIG. 3 is generally similar 
to that shown in FIG. 1, and differs principally therefrom 
in that the return air from the enclosed air space is passed 
to the inlet end of the chemical dehumidi?er instead of 
to its discharge side as in FIG. 1. Those portions of the 
system shown in FIG. 3 which correspond to similar 
portions of the system shown in FIG. 1 are designated by 
like reference numerals characterized further in that a 
prime mark is al?xed thereto. 
As previously indicated, the air passing through the 

system shown in FIG. 3 proceeds as represented sche 
matically by the psychrograph of FIG. 4. The condi 
tion of entering outside air is indicated by a point 1' of 
the graph while the return air has the condition indicated 
by a point 2’ of the graph. As a consequence, the mix 
ture' of the two which is fed to the chemical dehumidi 
?er has the condition indicated by a point 3' on the graph. 
The air passing through the chemical dehumidi?er is, of 
course, dehumidi?ed and, at the same time, slightly heated 
so that it has the condition indicated generally by a 
point 4’ of the graph. Air in the condition indicated 
by the point 4"is split into a ?rst ?ow which proceeds 
through the branch header 18' and the humidi?er 16’ 
where it reaches the condition indicated by a point 5' 
of the graph. Air through the other branch header 20' 
is merely cooled from the point 4' to the condition 
indicated by a point 6' on the graph. Thereafter the 
air that is fed into either of the air spaces III or IV will 
have a condition falling between the points 5', 6', depend 
ing upon the proportions in which the streams are mixed. 

It will be apparent that the objects heretofore enumer 
ated, as well as others, have been accomplished, and that 
there has been provided an air conditioning system which 
cools and controls the humidity of the air being delivered 
to the controlled air space without the aid of conven 
tional refrigeration machinery. By the present system, 
two streams having different temperatures and humidities 
are distributed to each air space being conditioned where 
they are blended to give the desired properties. In the 
present system the stream having the lower temperature 
has the highest absolute humidity, in contradistinction 
to the usual air conditioning system. 

While the invention has been described in considerable 
detail, it is not to be limited to the particular embodié 
ments‘ shown and described, and it is intended to cover 
hereby all novel adaptations, modi?cations, and arrange 
ments thereof which come within the practice of those 
skilled in the art to which the invention relates. 
What I claim is: 
1. Apparatus for comfort conditioning of a closed 

space, said apparatus comprising at least three separate 
energy transfer devices, a ?rst of said devices being a 
dehumidi?er including a desiccant and effective to re 
move water from air circulated in contact therewith, 
a second of said devices being a direct heat exchanger, 
and a third of said devices being an indirect heat ex 
changer effective to lower the sensible heat of air cir 
culated in contact therewith; means for circulating fresh 
air through the ?rst of said devices; means effective to 
receive air from the ?rst of said devices, to circulate a 
?rst part of such air through said direct heat exchanger 
and then into the closed space, and to circulate a second 
part of such air through said indirect heat exchanger and 
then into the closed space; circulating means e?ective to 
introduce an aqueous .heat transfer ?uid into said direct 
heat exchanger for converting sensible heat of air cir 
culated therethrough and of the aqueous ?uid to latent 
heat by evaporation, and thereby to lower the temperature 
of both; means effective to circulate the lower tempera 
ture aqueous ?uid from said direct exchanger through 
said indirect exchanger, for indirect heat exchange with 
air circulated therethrough; means effective to control the 
relative proportions of the air circulated through said 
direct and indirect, heat exchangers and into the closed 
space to maintain a required dewpoint in the space; a 
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4 
circulating system for transferring energy from the ?rst 
of said transfer devices to an energy transfer medium; 
and means operatively associated with said circulating 
system and effective to reject energy from the energy 
transfer medium. ~ 

2. Apparatus for comfort conditioning of a closed 
space, said apparatus comprising at least three air con 
ditioning devices, a ?rst of said devices being a chemical 
dehumidi?er having a desiccant which is effective to 
remove water from air circulated through the ?rst of 
said devices, a second of said devices being a direct heat 
exchanger for spraying water in direct contact with air 
circulated through the second of said devices and there 
by reducing the sensible heat and increasing the dew 
point of such air, and a third of said devices including 
a cooling coil for lowering the sensible heat of air cir 
culated through the third of said devices; means effective 
to receive air from the ?rst of said devices and to pass 
part of the received air through the second of said de 
vices and then into the closed space, and to pass an 
other part of the received air through the third of said 
devices and then into the closed space; a cooling tower; 
means effective to absorb sensible heat from the ?rst of 
said devices and to transfer the absorbed sensible heat 
to an energy transfer ?uid; means for circulating the 
heated ?uid to said cooling tower for dissipation of sen 
sible heat from the ?uid by said cooling tower, and for 
returning cooled ?uid for transfer thereto of further 
sensible heat absorbed from the ?rst of said devices; 
and means for collecting water sprayed by the second 
of said devices and for circulating the collected water 
through the cooling coil of the third of said devices. 

3. Apparatus for comfort conditioning of a closed 
space, said apparatus comprising at least three separate 
energy transfer devices, a ?rst of said devices being a 
dehumidi?er including a desiccant and effective to re 
move Water from air circulated in contact therewith, a 
second of said devices being a direct heat exchanger, 
and a third of said devices being an indirect heat ex 
changer effective to lower the sensible heat of air cir 
culated in contact therewith; means for circulating fresh 
air through the ?rst of said devices; means effective to 
receive air from the ?rst of said devices, to circulate a 
?rst part of such air through said direct heat exchanger 
and then into the closed space, and to circulate a sec 
ond part of such air through said indirect heat exchanger 
and then into the closed space; circulating means effec 
tive to introduce an aqueous heat transfer ?uid into 
said direct heat exchanger for converting sensible heat 
of air circulated therethrough and of the aqueous ?uid 
to latent heat by evaporation, and thereby to lower the 
temperature of both; means effective to circulate the 
lower temperature aqueous ?uid from said direct ex 
changer through said indirect exchanger for indirect heat 
exchange with air circulated therethrough, and back to 
said circulating means, means effective to control the 
relative proportions of the air circulated through said 
direct and indirect heat exchangers and into the closed 
space to maintain a required dewpoint in the space; 
a cooling tower; means effective to absorb sensible heat 
from the ?rst of said devices and to transfer the ab 
sorbed sensible heat to an energy transfer ?uid; and 
means for circulating the heated ?uid to said cooling 
tower for dissipation of sensible heat from the ?uid by 
said cooling tower, and for returning cooled ?uid for 
transfer thereto of further sensible heat absorbed. 

4. Apparatus for air conditioning of a closed space, 
said apparatus comprising at least four separate energy 
transfer devices, a ?rst of said devices being a chemical 
dehumidi?er, a second of said devices being a humidi 
?er, a third of said devices being an indirect heat ex 
changer, and a fourth of said devices being a cooling 
tower, means effective to cause outside air to ?ow through 
said ?rst device, means for withdrawing return air from 
said space, means for combining return air from said 
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space with air from said ?rst device and for splitting 
the combined ?ow into ?rst and second air ?ow por 
tions, means for passing said ?rst air ?ow portion through 
said second device and then into said space, means for 
passing said second air ?ow portion through said third 
device and then into said space, means including a sys 
tem for circulating water from said cooling tower to said 
?rst device e?ective to absorb heat from said ?rst de 
vice, and means for circulating water in direct contact 
with air ?owing through said second device to cool said 
water and for circulating said cooled water to said 
third device in indirect heat exchanger relationship with 
air passing therethrough. 

5. Apparatus for air conditioning of a closed space, 
said apparatus comprising at least four separate energy 
transfer devices, a ?rst of said devices being a chemical 
dehumidi?er, a second of said devices being a humidi 
?er, a third of said devices being an indirect heat ex 
changer, and a fourth of said devices being a cooling 
tower, means for withdrawing return air from said 
space, means for combining return air from said air 
space with outside air and for passing the combined ?ow 
through said ?rst device, means for receiving air from 
said ?rst device and for splitting said combined air 
?ow into ?rst and second air ?ow portions, means caus 
ing said ?rst air ?ow portion to pass through said sec 
ond device and then into said air space, and causing said 
second air ?ow portion to pass through said third de 
vice and then into said air space, means including a 
system for circulating water from said cooling tower 
to said ?rst device effective to absorb heat from the 
?rst of said devices, and means for circulating water 
in direct contact with air ?owing through said second 
device to cool said water and for circulating said cooled 
water to cool air passing through said third device, and 
whereby no external source of refrigeration is utilized 
to cool said air space. 

6. Apparatus for comfort conditioning of a closed 
space, said apparatus comprising at least three separate 
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energy transfer devices, a ?rst of said devices being a 
dehumidi?er including a desiccant and effective to re 
move water from air circulated in contact therewith, a 
second of said devices being effective to lower the sen 
sible heat of air circulated in contact therewith, and a 
third of said devices being e?ective to reduce the sensible 
heat and to change the dewpoint of air circulated in con 
tact therewith; means for circulating fresh air through 
the ?rst of said devices; means effective to receive air 
from the ?rst of said devices, to circulate a ?rst part 
of such air through the second of said devices and then 
into the closed space, and to circulate a second part of 
such air through the third of said devices and then into 
the closed space; circulating means effective to intro 
duce an aqueous heat transfer ?uid into the third of said 
devices to reduce the sensible heat of air circulated there 
through; means effective to circulate a low temperature 
aqueous ?uid through the second of said devices, for 
indirect heat exchange with air circulated therethrough; 
means effective to control the relative proportions of 
the air circulated through the second ‘and third of said 
devices and into the closed space to maintain a required 
dewpoint in the space; a circulating system for transfer 
ring energy from the ?rst of said transfer devices to an 
energy transfer medium; and means operatively asso 
ciated with said circulating system and effective to re 
ject energy from the energy transfer medium. 
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