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1. 
This invention relates to air conditioning units 

and more particularly to the introduction of a 
hygroscopic medium in an air conditioning unit 
to achieve greater capacity, to effect a substan 
tial reduction in initial cost of the unit, and to 
provide lower relative humidity. 
The chief object of the present invention is 

to provide an economical air conditioning unit 
for conditioning air to provide a lower relative 
humidity which permits substantial reductions in 
Operating costS. 
A further object is to provide an air condi 

tioning unit for conditioning air to provide a 
lower relative humidity in which the size of the 
compressor employed in the unit is reduced in 
comparison with units heretofore known to 
achieve a great reduction in initial and operat 
ing costs. 
A further object is to provide an air condi 

tioning unit in which hygroscopic medium is en 
ployed to provide greater flexibility as to ar 
rangement of components of the unit, and to 
effect a great reduction in initial and operating 
costs of the unit. Other objects of the inven 
tion will be readily perceived from the following 
description. 
This invention relates to an air conditioning 

system which comprises in combination a first 
air passage containing the evaporator of a re 
frigerating system, a second air passage contain 
ing the condenser of the refrigerating System and 
fans to direct Stearns of air to be cooled Or 
heated respectively through the air passages. 
Means are provided in the first passage to dis 
tribute a hygroscopic medium over the evapora 
tor in the path of the first air stream to remove 
moisture therefron. At least a portion of the 
hygroscopic medium carrying removed moisture 
is transferred to the second passage and distrib 
uted over the condenser in heat eXchange rela 
tion with the second air stream, thus removing 
moisture from the hygroscopic medium to concen 
trate the same. The concentrated hygroscopic 
medium is then returned to the first passage and 
is again distributed over the evaporator in the 
path of the first air stream to remove moisture 
therefrom. 
The attached drawings illustrate a preferred 

embodiment of my invention in which: 
Figure i is a diagrammatic view of an air con 

ditioning unit embodying the present invention; 
Figure 2 is a skeleton psychrometric chart illus 

trating the principle of operation of the inven 
tion; Figure 3 is a fragmentary view illustrating a 
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modification of the mechanism for distributing 
hygroscopic material in the path of the air 
Streams paSSing through the unit; and 

Figure 4 is a diagrammatic view illustrating a 
modification of the invention. 

Referring to the drawings, there is disclosed in 
Figure 1 an air conditioning unit including a 
casing 2 separated by a partition 3 into tWO air 
paSSages 4 and 5. The usual louvre openingS 6 
are provided in each passage 4 and 5 to permit 
air to be directed through casing 2. A fan is 
provided in passage 4 to draw air therethrough 
and to discharge Such air into the area, being 
conditioned. A fan 8 is provided in air paSSage 
5 to draw air therein and to discharge the air 
from the casing 2, 
A refrigeration system is provided to cool the 

air drawn through passage 4. The refrigera 
tion system includes the compressor 9 preferably 
disposed in passage 5, and connected to condenser 

placed in passage 5 by discharge line . . Con 
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denser 0 is connected to evaporator 2 placed 
in passage 4 by liquid line 3. A capillary tube 
4 for example is placed in line 3 to regulate the 
quantity of refrigerant passing to evaporator 2. 
Evaporator f2 is connected to compressor 9 by 
suction line 5. 
A sump 6 preferably is formed in the lower 

portion of casing 2. Sump 6 preferably is di 
vided into two portions, 7 and 8, portion 7 
being placed in passage 4 while portion 8 is 
placed in passage 5. A Weir 9" is placed in Sump 
6 to regulate the flow of medium from portion 

f 8 to portion f7. Hygroscopic material such as 
tri-ethylene glycol is contained in Sump 6. It 
Will be understood, of course, other hygroscopic 
materials may be employed in the present inven 
tion; for example, Water Solutions or brines of 
the chlorides or bromides of various inorganic 
elements such as lithium chloride, lithium bro 
mide and calcium chloride may be employed. A 
pump 9 circulates medium from portion 7 
through line 29 to nozzles 2 which sprays the 
medium over the surface of evaporator 2, the 
medium flowing down Such Surface and return 
ing to portion T of sump 16. Preferably, a by 
pass line 22 is connected to line 20 to direct Some 
portion of medium to passage 5, such medium be 
ing sprayed through nozzle 23 Over the Surfaces 
of condenser 0 or if desired, permitting the 
medium to flow into the Sump portion 8. A 
valve 24 may be placed in line 22 to permit the 
amount of medium directed to paSSage 5 to be 
regulated. 
A pump 25 withdraws medium from Sump por 
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tion 8 and distiributes such medium over the sur 
face of condenser through line 25 and nozzles 
27, the medium after passage over the surfaces 
of Condenser is returning to Sump portion 3. 
As the level in Sump portion 3 rises, some poi 
tion of concentrated medium therein overflows 
the weir 9" to raise the level of medium in surnp 
portion T. Preferably, the concentrated nine 
diurn and diluted medium are placed in heat ex 
change relation by directing the diluted inedium 
through a coil (not shown) placed in the sump 
or by directing line 22 through sump 8. Lig 
luid line 3 may pass through Sump portion is 
in heat eXchange relation. With medium in Such 
portion of the Sump. 

Considering the operation of the device, fan 
directS air to be treated through evaporator 2. 
fump 9 withdraws hygroscopic medium froii. 
Sump portion T and Sprays the medium through 
nozzles 2 on the surfaces of evaporator 2, in 
heat exchange relation with air passing there 
through. Spraying the medium over the evapor 
at Or surface increases the cooling capacity of the 
evaporator because a lower equilibrium vapor 
preSSure is established by the medium, thereby 
renowing more noisture from the air than 
Would occur without the use of the medium. A 
Small quantity of the medium is directed througii. 
by-pass 22 to passage 5 for reconcentration. 
lump 25 Sprays medium for pump portion 8 over 
the Surfaces of condenser 0, thereby raising the 
equilibrium vapor pressure of the medium above 
the prevailing outside air dew point causing the 
Water to be evaporated into the air streal for 
discharge outside of the enclosure in which the 3. 
unit is placed, the concentrated medium retui'in 
ing to the Sump portion 8. The concentrated 
medium continuously flows over weir 3' to Sump 
portion 1 in an amount corresponding to that 
bled off through by-pass 22. Air 
through passage 4 is cooled and dehumidified 
While the heat, so transferred to the refrigerant 
and to the hygroscopic medium is renoyed in 
passage 5 since the stream of air directed through 
condenser condenses refrigerant therein and 
removes moisture from the hygroscopic medium 
sprayed on the Surfaces of the condeinser. 
The unit as described above poSSeSSes Con 

siderably more capacity then a conventional 
refrigeration cycle including the Sa;ine 
pressor, condenser, and evaporator. The air dis 
tributed from the unit through passage 4 is at 
a reduced temperature and at a very low dew 
point. Under some circumstances, it may not be 
desirable to utilize such a large amount of de 
humidifying capacity. In Such circular Statices, 
the dehumidifying capacity can be converted to 
sensible cooling capacity by the addition of 
moisture to the air stream leaving passage is. If 
desired, an atomizing spray nozzle 28 is placed 
in the path of air leaving the evaporator, nozzle 
28 being connected by line 29 to a Suitable Source 
of Supply. 
For purposes of control of the addition of water 

to the leaving air stream the solenoid valve 3. 
may be placed in line 29, solenoid valve 38 being 
controlled by means of a thermostat 3S. Ther 
mostat 3 may be a common two step type control 
responsive to a drop in temperature of the rooin 
in which the unit is placed. Upon a predeter 
mined drop in room temperature, the Solenoid 
valve is closed to reduce the Sensible cooling 
capacity of the unit while increasing the de 
humidifying effect which is a desirable operating 
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rise of room relative humidity on partial load 
operation. A further drop in room temperature 
may actuate the thermostat 3 to discontinue 
operation of compressor 9. While I have dis 
closed a two step on and off type of control, it Will 
be understood that in larger Systems a modul 
lating type of control may be employed. 
In Figure 2, I have illustrated on a skeleton 

psychrometric chart the principle of operation of 
the air conditioning unit described above. Re 
ferring to Figure 2, assuming a conventional 
refrigeration System operating with an evapor 
ator surface temperature B upon air to be treated 
at condition A, air may leave the unit at COI 
dition C. The total heat removal Would cor 
respond to the enthalpy difference hi. When a 
hygroscopic medium is sprayed over the evapo 
rator with the same air quantity and the Saime 
Surface temperature, the equilibrium condition 
Will be at a lower lever D. For exampie, aSSunil 
ing 77% tri-ethylene glycol employed as the hy 
groscopic medium, this equilibriui Condition 
will be at a dew point 18 lower than the surface 
temperautre B and at the same dry bulb ten 
perature. The air will then leave the unit at con 
dition E. She total annount of cooling is repre 
sented by the enthalpy difference it?. 

If it is desired to have greater sensible cooling 
capacity in place of dehumidifying capacity, 
moisture is evaporated in the air stream to cause 
a diabatic cooling from, for example, condition E 
to condition F. This represents substantially the 
same sensible heat factor in the room as a con 
ventional system but results in a greatly in 
creased cooling capacity as represented by the 
line AF as conpared to the line AC. 

It will be appreciated that with a given com 
pressor it is impossible to maintain the same 
surface temperature after the medium is Sprayed 
on the evaporator. However, when medium is 
sprayed over the evaporator the compressor 
capacity and the evaporator capacity balance off 
at a dew point at a higher refrigerant tempera 
ture with an increase in capacity of the evapora 
tor. The usual objection to designing to a high 
refrigerant temperautre is not present because 
the dehumidifying capacity obtained from the 
medium more than offsets the loss of dehunidi 
fication resulting from the increase in refrigeirant 
tenperta.ure. 
While I have described Sump 6 as extending 

beneath the condenser and the evaporator of the 
refrigeration system, it will be appreciated 
separate sumps inay be provided together With 
means to return concentrated Solution to paS 
sage A and to supply diluted mediurn to passage 
5 for concentration. 
In Figure 3, I have illustrated a modification of 

my invention in which pumps 9 and 25 are 
eliminated. In this case slingers 33 may be en 
ployed to distribute medium over the surfaces of 
evaporator 2 and condenser 8. A gutter 34 
may be provided to pass a desired portion of 
diluted mediura to passage 5. Heat eXchangers, 
as described above, may be provided if desired. 

In Figure 4, there is illustrated a modified Self 
contained air conditioning unit which comprises 
a casing 43 separated by a partition 4 into air 
passages 32 and 43. A sump 44 is provided adja 
cent the bottom of casing 46. Sump 44 may be 
sinhilar to sump 6 as described above. A filter 
or air washing member 4S is placed in passage 
42, air being drawn through such passage and 
discharged into the area being treated by fan 46. 
A second air washing member 47 is placed in pas 
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Sage 43, air being drawn through such passage 
by fan. 48. The usual refrigeration System as de 
scribed above. may be employed. In this case, 
the evaporator 49 is a double pipe interchanger 
placed in sump portion 50 in heat, exchange re-. 
lation. With hygroScopic medium therein. The 
condenser 5 may also be a double pipe inter 
changel and is placed in Sump portion 52 in heat 
exchange relation with hygroscopic medium. 
therein. A pump 53 withdraws medium from 
Sump portion 53 and sprays the same over filter 
45 in heat exchange relation with air passing 
through passage 42. Pump 53, also forwards 
Some portion of such medium to passage 43 for 
reconcentration as shown at 53'. A second pump 
54 sprays medium to be concentrated over mem 
ber 47. The concentrated medium returns to 
sump portion 50 by any suitable means. The 
medium is cooled by evaporator 69 and is sprayed 
over the surfaces of filter 45 by pump 53. Air 
to be treated is directed through filter 45 in heat 
eXchange relation with the cooled medium 
Sprayed thereon, thus cooling and removing 
moisture from the air being treated. The me 
dium is reconcentrated in passage 43 because it 
is heated by condenser 5 and an equilibrium 
dew point obtained which is higher than the out 
side air dew point, thus the outside air passing 
through member 4 carries off the moisture re 
moved at member 45 reconcentrating the me 
dium. 
The modified unit illustrated in Figure 4 as 

Well as the unit shown in Figure 1 provides a 
Substantial reduction in cost because of less heat 
transfer surface and provides effectively greater 
capacity for the Sane Suction pressure because 
the Solution gives an equilibrium dew point per 
haps 10 lower than would be obtained on 
Straight air cooling. Another advantage of such 
unit resides in the fact that the filter is self 
cleaning since it is used for wetted Surface as 
well as air cleaning. Greater fiexibility as to ar 
rangement of components in the casing is per 
mitted since no problem exists as to levels or 
Water disposal. 
The present invention provides an air condi 

tioning unit of improved design and more eco 
nomical manufacture. The present unit permits 
Smaller heat eXchange Surfaces and a smaller size 
Of compreSSor to be employed than is customary 
in air conditioning units of conventional design. 
The present invention permits Smaller units of 
similar capacity to be provided and permits sim 
ilar size units of greater capacity to be employed. 
The present invention provides a substantial re 
duction in cost and permits increased flexibility 
with regard to arrangement of components of 
this system, 
While I have described a preferred embodi 

ment of my invention, it will be understood my 
invention is not So limited since it may be other 
wise embodied within the scope of the following 
claims. 
I claim: 
1. In an air conditioning unit, the combination 

of a first air passage, a second air passage, a re 
frigeration System including a first heat exchange 
member in the first passage and a second heat 
exchange member in the Second passage, means 
for directing a Stream of air through the first 
paSSage, means for directing a second stream of 
air through the Second passage, means to place 
a hygroScopic medium in heat exchange relation 
With the first member and in heat exchange re 
lation with the first air stream to remove mois 

10. 

6. 
ture therefrom, means for supplying at least a 
portion of the diluted hygroscopic medium to the 
second passage, means in the second paSSage to 
place the diluted hygroscopic medium in heat ex 
change relation. With the second member and in 
heat exchange relation with the Second air 
Stream to transfer moisture thereto thereby COin 
centrating the medium, and means for returning 
concentrated medium to the first paSSage, and 
means to evaporate moisture in the air stream 
leaving the first heat exchange member. 

2. An air conditioning unit according to claim 
1. in which a thermostat is provided responsive 
to a change in area temperature to actuate the 
evaporating means. 

3. In an air conditioning unit, the combina 
tion of a first air passage, a Second air paSSage, 
a Sump containing hygroScopic medium, hygro 
scopic medium in One portion of the Sump being 
concentrated to a greater degree than hygro-: 
scopic medium in a second portion of the Sump, 
a filtering member in the first air paSSage, a dis 
tributing member in the second air passage, 
means for directing an air stream through the 
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first passage, means for directing a Second air 
stream through the second passage, a refrigera 
tion system including a first heat eXchange mem 
ber in the first Sump portion and a second heat 
exchange member in the Second Sump portion 
in heat exchange relation with medium therein, 
means for distributing cooled hygroScopic ne 
diurn over the filtering member in the path of 
the first air stream to cool the air and to remove 
moisture therefrom, means for Supplying diluted 
medium to the second passage in heat exchange 
relation. With the Second heat eXchange mem 
ber to heat the medium, means for distributing 
heated diluted medium. Over Said distributing 
member in the path of the Second air stream to 
concentrate the medium, and means for Supply 
ing concentrated medium from the Second por 
tion of the Sump to the first passage. 

4. A method of air conditioning in which the 
steps consist in cooling a stream of air to be 
conditioned while simultaneously placing a hy 
groscopic medium in the path of the stream to 
remove moisture therefrom, bleeding a portion 
of the hygroscopic medium into the path of a 
Second air stream, concentrating the medium by 
passing it through a heat exchanger placed in 
the path of the Second air stream, and returning 
the concentrated medium to the path of the first 
air stream, and spraying moisture in the first 
air stream after its passage in heat exchange 
relation with the hygroscopic medium to reduce 
the dry bulb temperature of the first air stream. 

5. In an air conditioning unit, the combina 
tion of a casing, a partition in the casing coop 
erating therewith to form a first passage and a 
Second paSSage, means to direct a stream of air 
through the first passage, means to direct a 
stream of air through the Second passage, a re 
frigeration system in the casing including an 
evaporator in the first passage in the path of air 
directed therethrough and a condenser in the 
Second passage in the path of air directed there 
through, means to distribute a hygroscopic me 
dium Over the evaportor in the path of air to be 
conditioned to remove moisture therefrom, means 
for Supplying at least a portion of the diluted 
medium to the Second paSSage, said concentrated 
medium and diluted medium being placed in heat 
exchange relation, means to distribute the di 
luted medium over the condenser in the path of 
the Second air stream to remove moisture there 
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from, a sump in the bottom of said casing, and 
means in said Sump to regulate flow of concen 
trated medium from the Second passage to the 
first passage. 

6. In an air conditioning system, the combi 
nation of a first air passage, means to direct air 
to be Conditioned through the passage, a second 
air passage, means to direct air through the sec 
Ond passage, a refrigerating System including an 
evaporator placed in the path of the air directed 
through the first passage, and a condenser for 
condensing refrigerant placed in the second pas 
Sage, means to Supply hygroscopic medium to the 
evaporator, a distribution member to distribute 
the hygroscopic medium over the evaportor in 
the path of the first air stream to remove mois 
ture therefrom, a line connecting said supply 
means to the distribution member, a bypass con 
necting said line to the first air passage to bleed 

5 

10 

5 

a desired quantity of hygroscopic medium to the 20 

8 
Second passage, means for distributing Some por 
tion of said hygroscopic medium Over the con 
denser in the path of the second air stream to 
transfer moisture to the Second air Stream there 
by concentrating the medium, and means for re 
turning concentrated hygroscopic medium to the 
first paSSage, Said hygroscopic medium. Supplied 
to the Second paSSage being placed in heat ex 
change relation. With hygroscopic medium return 
ing to the first paSSage. 

WILLIAM T. McGRATH. 
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