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This invention relates to improvements in cool 
ing and air conditioning systems, and is more par 
ticularly related to such a system wherein water 
and the evaporation of water are used as the 
principal or solitary agents for producing the 
cooling and conditioning desired. 
A feature of the present invention is the cool 

ing of the air below the initial wet bulb tempera 
ture of the air, with water used as the principal 
refrigerating agent. 
Another feature is the provision of a simple 

arrangement for cooling and conditioning the 
ventilating air supply to a residence, store, build 
ing or other structure, with the employment of 
water as an agent for lowering the temperature 
thereof. 
A further feature is the provision of means for 

utilizing water in producing a cooling and con 
ditioning of ventilating air along with devices for 
automatically maintaining conditions of comfort 
in the space which it is desired to condition or 
ventilate. 
With these and other features as objects in 

view, illustrative forms of practicing the present 
invention are shown diagrammatically in the 
accompanying drawings in which: 
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Fig. 1 is a view taken in vertical section show 
ing an embodiment of the invention wherein the 
Water velocity of the spray is used to introduce 
the movement of the conditioned air from the 
outside to the inside of the space to be con 
ditioned. . 

Fig. 2 shows a similar view of an embodiment 
wherein a power driven fan is used to provide the 
neceSSary movement of air to be conditioned from 
the outside to the inside of the space to be con 
ditioned. - 

Fig. 3 shows a similar view of a modified form 
in which water from an external source is used 
to effect the initial cooling of the air, and recircu 
lated water is used for the final cooling of the air. 

Fig. 4 shows a further modification, in which a 
mechanical refrigerating system is utilized to cool 
the air to a point below that at which it is possi 
ble to cool and condition the air with water alone. 

Fig. 5 shows a further modification, in which 
evaporation cooling is employed directly at the 
radiator. 
In each of these forms, a "radiator' (i. e., a 

device for exchange of heat between the air and 
the circulating liquid without direct contact 
therebetween) is utilized for the pre-cooling in 
order to avoid increasing the water content or 
relative humidity of the air being conditioned; 
and the final cooling is effected by spraying an 

(C. 62-39) 
excess of water into the pre-cooled air, so that 
evaporation will cause a lowering of temperature 
of such excess and permitting its employment at 
Such lower temperature during the course of its 
cycle. Y 

In Fig. 1 is illustrated an apartment O whose 
atmosphere is to be conditioned according to the 
requirements thereof. Air is introduced to this 
apartment through duct , its motion being pro 
vided by the impinging effect of the particles of 
water from spray nozzle 2, which nozzle is work 
ing under pressure and throwing the water at 
relatively high velocity through the Wenturi 
throat 3 in the diaphragm or partition 4 of 
the conditioning apparatus. 
The air escapes from the apartment through 

the vent fs which permits the air to pass to the 
outside and is preferably located at a point re 
mote from the intake so that the outgoing air 
will not mix with the fresh incoming air which 
is taken from the outside at 6 through an intake 
opening 7 at the entrance to the air conditioning 
apparatus. 
The air passes through the filter b and 

through the radiator 8, which is kept at a tem 
perature below that of the incoming air by means 
of a supply of cold water circulated as hereinafter 
described. In passing through the radiator 8 
the air is pre-cooled to a lower dry bulb tempera 
ture and, since the dew point remains constant, 
to a new and lower wet bulb temperature. The 
air having been first cooled to this lower wet bulb, 
the water issuing from spray nozzle 2 further 
cools the pre-cooledair to a point near and above 
this new lower wet bulb and to a point below 
that at which it would have been possible to cool 
the air by spraying without pre-cooling with the 
radiator. 
Water is taken from tank 9 in the bottom 

of the air conditioning apparatus through a con 
duit 20 and circulated by means of a pump 2 
and a conduit 22 through the radiator f8 to give 
the radiator its cooling effect. The Water then 
passes at higher temperature through a conduit 
23 to a spray nozzle 2 for moving the air and 
at the same time cooling itself and the air cir 
culated to a point, near and above the Wet bulb 
temperature of the pre-cooled air leaving the 
radiator. The air then passes on through a 
chamber 24 at a new and higher dew point and 
in a practically saturated condition. It passes 
through the eliminator 25, where any particles of 
unevaporated moisture are separated from it and 
returned to the tank 9, while the air itself passes 
on through the duct to the apartment 0. 
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The air in apartment O is carried into the room 
downward in a practically vertical direction 
which throws it toward the floor, from which 
point, it spreads out and rises at the walls to 
pick up the heat entering from the outside 
through the walls, then passes across the ceiling 
to pick up the heat passing downward through 
the ceiling, and finally leaves at vent 5, carrying 
with it the heat which it has picked up in the 
OO. from the Walls, ceiling, floor and other 

Sources or containers of heat therein. 
The water supply pipe 27 for the apparatus is 

connected with the city mains, a well, or any 
other available source of water supply. The sup 
ply to the apparatus is controlled by a float 
valve 28 operated by a float 29 in a manner to 
keep the water level in the tank 9 of the appa 
ratus at the desired level, 

It is obvious that the cooling of air is done by 
means of the evaporation of water and that 
spraying the air also washes dust and other 
floating particles therefrom. Under normal con 
ditions of Water Supply, the dissolved salts con 
tained in Such water supply and washings from 
the air would be concentrated in the apparatus 
to a point where it would be no longer fit for 
use. To obviate and overcome this condition, 
overflow 30 is installed at a height which will 
permit a small portion of the water recirculated 
to be constantly wasted from the supply con 
tained in the tank 9 of the conditioning appa 
ratus. In order to maintain temperatures which 
are not below those desired for apartment 0, 
when the capacity of the apparatus is greater 
than the cooling effect desired, a thermostat 3 
controls the supply of energy from a source 32, 
and operates to stop the pump 2 f when the tem 
perature in the apartment to reaches the desired 
low point, and to start the pump 2 when the 
temperature in the apartment fo reaches the 
desired high point. 

Fig. 2 is a modification of Fig. 1, in which the 
apartment O to be conditioned is supplied with 
air through the duct . This air is here moved 
by a fan 26. Air passes to the fan 26 through 
a duct. 24.a from the air conditioning apparatus. 
Air from the outside passes through the entrance, 
opening 7, the dust filter 7b, and the radiator 
f8, where it is cooled in the same manner as de 
scribed at Fig. 1. 
The air leaving the radiator 8 at its new and 

lower wet bulb temperature passes through the 
sprays from spray nozzles 2a and 2b. Here 
the air is cooled to a temperature above and near 
the new wet bulb temperature, and leaves the 
Sprays in a practically saturated condition, pass 
ing onward through eliminator 25 and duct 24a 
to the fan. 26. 
Water from the tank f 9 is circulated by the 

pump 2 through the conduit 22 and radiator 8 
to cool the air as above described, passing on 
at a higher temperature through conduits 23, 
23a and 23b to spray nozzles 2a and 2b, where 
contact with the air cools it to a temperature 
near and above the new wet bulb temperature of 
the air leaving radiator 8. 
The air circulating in apartment to picks up 

the heat from the apartment and carries it out 
through the duct 5, as before described. The 
temperature conditions in apartment O are 
maintained by the thermostat 3 as above de 
scribed. 

In Fig. 3, separate paths of circulation are 
employed for the water passing to the pre-cool 
ing radiator and to the spray. Illustratively, 

2,152,251 
the spray is here employed as in Fig. 1, although 
obviously the fan of Fig. 2 may be incorporated 
The air motion is caused by the impinging effect 
of the water particles passing through the Wen. 
turi throat, and the air path is the same as ir 
Fig. 1. The Water circulation is in two separat 
Systems, one of which gives the air its initia 
cooling, and the other gives it its final cooling 
Water for the initial cooling of the air is taker 
from cooling tower pan 45 through a conduit 
46 to pump 2 a which forces the water through 
conduit 22 and radiator 8, returning it through 
a conduit 47 to a cooling tower 48 where the hea 
acquired by the water at the radiator 8 is re 
moved. Water for the final cooling is taker 
from the tank f$ through the conduit 20 by the 
pump 2 which forces it under pressure through 
the conduit 23 to the spray nozzle 2 where it 
gives the air its motion and final cooling and the 
excess falls back into tank 9. 

In this form, a thermostat 3 controls the 
supply of power from the source 32 to the motor 
pump assembly 2, and a separate thermostal 
3a similarly controls the motor-pump assembly 
2 fa; plural conductors being employed to indi 
cate the possibility of employing a plurality of 
Speeds at the pumps at differing positions of the 
thermostats. It is preferred, in this form, to con 
trol the two pumps separately, and according to 
the desired conditions of temperature and hul 
midity. The thermostats may be set differential 
ly with respect to one another, so that the pumps 
are selectively actuated according to the humid 
ity and temperature conditions to be maintained 
Obviously the radiator water pre-cooling and 

final Spray water cooling may be employed in 
conjunction with a further cooling by a refriger 
ating plant. Such an embodiment is shown in 
Fig. 4, indicating an illustrative development of 
Fig. 3, with mechanical refrigeration apparatus 
and controls therefor added. Water from the 
pump 2 passes through the conduit 23 to the 
evaporator 34, where it is cooled to a lower tem 
perature and may be cooled to a temperature be 
low the dew point of the Outside air. It then 
passes onward through a conduit 33 to spray 
nozzle 2, where the impinging of the water cre 
ates the necessary air movement and at the same 
time chills the air and reduces it to the new de 
sired temperature. 

Air movement in the conditioning apparatus is 
the same as that described for Fig. 1. Water 
movement is the same as described for Fig. 3, 
except that the water used for the final cooling 
is diverted and its path carried through evapo 
rator 34 to give it additional cooling. 
The mechanical refrigerating equipment con 

sists of a compressor 35, the evaporator 34 and 
the condenser 36. Gaseous refrigerant from the 
evaporator 34 is withdrawn through a conduit 
37, compressed by the compressor 35, and intro 
duced to the condenser 38 through a conduit 38, 
The refrigerant is condensed in the condenser 36 
by means of any external source of water supply 
such as well, city mains, or cooling tower con 
nected to the condenser water inlet 39; such 
water being circulated through the condenser and 
leaving at the water outlet 40 to pass to sewer 
drain or to return to cooling tower. The liquefied 
refrigerant from the condenser 36 passes to the 
receiver 4 and thence through a conduit 4 and 
an expansion valve 43, and into the evaporator 34, 
A control of the temperature in the apartment 

fo is accomplished by means of a thermostat fib 
controlling energy from a source S2 and serving 
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to stop the compressor 35 when the temperature 
of the apartment ?o reaches the desired low point 
and to start and control the compressor 35 when 
the temperature of the apartment O reaches the 
desired high points. Thermostats 3 and 3 a. 
similarly operate to start and stop pumps 2 and 
2a when additional temperature regulation is 
required. 

In Fig. 5 is shown a further modification of the 
arrangement. The air for the apartment is in 
troduced from the exterior at 6 through the 
Opening , past the filter band between the 
fin Surfaces of a tube-and-fin radiator 8a, and 
then is contacted with water from the spray 
nozzle 2 and thus moved through the venturi 3 
into the chamber 24, passing through the elimi 
nator 25 and the duct if into the apartment 
0, from which it escapes through the vent 5 

as before. Water is moved to the nozzle 2 by 
the pump 2, through conduit 23. Excess of water 
is then collected in the sump f9 as before, and 
paSSes back to the pump 2 by conduit 20. The 
water level in sump 9 is maintained from the 
Supply pipe 27 by the valve 28 under control of 
the float 29. An overflow 30 is provided for con 
tinuously discharging water from the sump 9 as 
stated above. 

In this form of the structure, an auxiliary air 
inlet lac is provided, through which air is moved 
by Water projected from the nozzle 2ac into ven 
turi f3a, from which it moves through the tubes 
of the radiator 8ac in a downward direction. An 
excess of water is always preferred, so that the 
inner walls of these tubes are traversed by a film 
of water cooled by the air, and by the evapora 
tion from the surfaces thereof, so that a rapid 
heat transfer occurs in the radiator, without con 
tact of the water with the air. The saturated 
air from the tubes then passes through an elimi 
nator 25ac and is exhausted by duct flac. The ex 
cess water drips from the lower ends of the radi 
ator tubes into a sump 9a, and is withdrawn 
therefrom by a conduit 20ac to the pump 2 a., and 
thus forced through conduit 23ac to the nozzle 2a. 
The water level of sump 9ac is maintained by a 
branch supply pipe 27ac under control of the valve 
28ac as actuated by float 29.ac. An overflow 30ae is 
provided to avoid accumulation of dirt and sol 
uble Salts in the sump and water circulation of 
this portion of the system. 

In this form, the two pumps 2 and 2a are 
illustrated as operated by a common motor 2 m 
which further is illustrated as controlled by a 
thermostat 3 and energized from a source 32. 

It will be noted that, in each of the embodi 
ments of the invention above described, the air 
to be conditioned passes first through a surface 
type of radiator, wherein the air is cooled with 
out coming in direct contact with the water, and 
then passes to and through a spray or system 
of Sprays wherein it is further cooled and humidi 
fied. The advantage of this type of apparatus 
is that, by first cooling the air without bringing 
it in contact with the water, the dew point of 
the air remains constant and the dry bulb tem 
perature is brought to a considerably lower point 
with a consequent reduction of the wet bulb tem 
perature of the air. It is well known that the 
wet bulb temperature of the air is the indicator 
of the point to which air can be cooled by spray 
ing it with water, and hence by creating a new 
wet bulb for the air to be conditioned, the air 
is placed in condition for cooling to a lower final 
temperature. Greater advantage is thus taken 
of the ability of the air to replace the sensible 

3 
heat of the air with the latent heat of the water, 
for example, with air at 105 F. dry bulb tem 
perature and a dew point of 50 F., the wet bulb 
temperature existing is approximately 70 F., with 
a relative humidity of 16%. A single spraying 
of the air with water cannot reduce the tem 
perature of the air below this established wet 
bulb of 70° F. On the other hand, it is pos 
sible to cool the air to nearly 70 F. if the proper 
volume of water at, say, 80° F. is used for spray 
ing, since both the air and the water are cooled 
to a temperature near and just above the initial 
wet bulb temperature of the air (70° F.). If 
the air be cooled, however, with a radiator in 
stead of a spray, to a new dry bulb temperature 
of 75° F., with the dew point remaining con 
stant, the new wet bulb temperature existing 
when the air leaves the radiator Will be 60° F. 
The rise in temperature of the water in the radi 
ator can be pre-determined if the volume of the 
air circulated is known and sufficient volume 
circulated to give a rise of Say 5. In the emi 
bodiment shown in Fig. 1, a spraying of air (at 
60° F. wet bulb temperature) with this water, 
which will have a temperature of approximately 
69' will permit reducing the air temperature, 
so that the air leaves the sprays at a tempera 
ture of approximately 64, while the water also 
will be reduced to a temperature of approxi 
mately 64° F. In the embodiment shown in 
Fig. 3, the heat acquired by the water at radi 
ator 8 is entirely removed and disposed of at 
the cooling tower 48. The water delivered to 
spray nozzles 2, 2a, 2b is at the same tem 
perature as the water leaving the air and fall 
ing into the tank 9. This temperature is very 
close to the wet bulb temperature of the air 
(say 6l). Air leaving the spray is practically 
Saturated with moisture and is at the same ten 
perature as the water (or 61 also), so that in 
the example given, the dual water circulation 
shown in Fig. 3 cools the air to a 3 lower wet 
bulb temperature. 

In the above examples it is assumed that vol 
umes of air, volumes of water, area of surface, 
and amount of spray, are properly proportioned 
to give the temperatures illustrated in the ex 
ample. 
This System of air conditioning makes it pos 

sible, by using water alone as a refrigerant, to 
bring the air to a lower temperature before it 
is necessary to utilize mechanical refrigeration, 
than is afforded with ordinary systems which em 
ploy sprays for air conditioning. It is apparent 

, that the volume of water evaporated will be rel 
atively small, and the water economy is limited 
only by the necessity for freshening the water 
due to concentration of soluble Salts originally 
contained in the water supply. It is obvious that 
changes might be made to accord with the neces 
sities of conditions and structures, without de 
parting from the scope of the appended claims, 
and that the illustrative forms are not restrictive 
in the practice of the invention. 

I claim: 1. In an air conditioning system, means pro-, 
viding a path for the movement of air, a radiator 
positioned in said path, Wenturi throat equipment 
in Said path downstream of Said radiator and 
through which all air must pass, means supply 
ing a cooling medium to the radiator and di 
recting cooling liquid spray into Said throat equip 
ment to provide successive treatments for the 
air, said spray and throat equipment constitut 
ing the sole means for conveying air, through 
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Said path and means for individually controlling 
the Supplying of cooling medium to the radiator 
and to the spray whereby the cooperative effect 
of said radiator and spray can be varied. 

2. In an air conditioning system, means pro-. 
viding a path for the movement of air, a radia 
tor positioned in said path, Wenturi throat equip 
ment in said path downstream of said radiator 
and through which all air must pass, means Sup 
plying a cooling medium to the radiator and di-. 
recting cooling liquid spray into said throat equip 
ment to provide Successive treatments for the air, 
Said spray and throat equipment constituting the 
Sole means for conveying air through said path, 
and means for automatically exercising individual 
Controls over the operation of said radiator and 
Spray in response to conditions in the area be 
ing air conditioned for varying the cooperative 
effect of said radiator and spray to the extent 
of at times causing one thereof to function to 
the exclusion of the other. 

3. In an air conditioning system, means pro 
viding a path for the movement of air, a radiator 
positioned in said path, a Wenturi throat equip 
ment in Said path downstream of said radiator 
and through which all air must pass, separate 
means for Supplying a cooling medium to the 
radiator and for directing cooling liquid spray 
into Said throat equipment to provide successive 
treatments for the air, said spray and throat 
equipment constituting the sole means for con 
veying air through said path, said separate means 
each including a circulating pump, and means 
responsive to conditions in the area to be air 
conditioned for automatically controlling the op 
eration of said pumps. 

4. In an air conditioning system, means pro 
viding a path for the movement of air, a radiator 
positioned in said path, a Wenturi throat equip 
ment in said path downstream of said radiator 
and through which all air must pass, separate 
means for supplying a cooling medium to thera 
diator and for directing cooling liquid spray into 
Said throat equipment to provide Successive treat 
ments for the air, said spray and throat equip 
ment constituting the sole means for conveying 
air through said path, said separate means each 
including a circulating pump, and means respon 
sive to conditions in the area, to be air condi 
tioned for individually controlling the operation 
of the pumps whereby the cooperative effect of 
the radiator and spray can be varied. 

5. In an air conditioning system, means pro 
viding a path for the movement of air to be con 
ditioned, a radiator positioned in said path, Wen 
turi throat equipment in said path downstream 
of said radiator and through which all air to be 
conditioned must pass, said radiator including 
tubes traversing the air path, and means for pro 
jecting cooling liquid spray into the tubes to 
bathe the interior walls thereof with a film of 
cooling liquid and for directing cooling liquid 
spray into said throat equipment to provide for 
two step cooling of the air, said spray and throat 
equipment constituting the sole means for mov 
ing the air through said path. 

6. In an air conditioning System, means pro 
viding a path for the movement of air to be con 
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ditioned, a radiator positioned in said path, Wen 
turi throat equipment in said path downstream 
of Said radiator and through which all air to be 
conditioned must pass, said radiator including 
tubes traversing the air path, means including a 
Wenturi throat and a cooling liquid spray directed 
through said throat into the tubes to bathe the 
interior walls thereof with a film of cooling liq 
luid and induce a current of air through said 
tubes, and means for directing cooling liquid 
Spray into said throat equipment to cause move 
ment of air to be conditioned through said path 
and provide for a second step cooling of the air 
Succeeding the cooling thereof by the radiator. 

7. In an air conditioning system, means pro 
Viding a path for the movement of air to be con 
ditioned, a radiator positioned in said path, Wen 
turi throat equipment in said path downstream 
of Said radiator and through which all air to be 
conditioned must pass, said radiator including 
tubes traversing the air path, means including 
a Venturi throat and a cooling liquid spray di 
rected through said throat into the tubes to bathe 
the interior walls thereof with a film of cooling 
liquid and induce a current of air through said 
tubes, and means for directing cooling liquid 
Spray into said throat equipment to cause move 
ment of air to be conditioned through said path 
and provide for a second step cooling of the air 
Succeeding the cooling thereof by the radiator 
each Said means including an individual cooling 
liquid Supply and a circulating pump. 

8. In an air conditioning system, means pro 
Viding a path for the movement of air to be con 
ditioned, a radiator including tubes traversing the 
air path, and a Wenturi throat and cooling liquid 
Spray unit disposed adjacent the radiator and 
Serving to project a spray through the throat into 
the tubes to bathe the interior walls of the tubes 
with the cooling liquid and constituting the sole 
means for inducing a current of air through said 
tubes. 

9. An air conditioning system comprising 
means providing a path for the movement of the 
air to be conditioned, a radiator exposed to the 
air moving along said path, means providing a 
Venturi throat in the path downstream of the 
radiator, a spray device located at said throat 
for delivering water into the air to effect move 
ment thereof, a water eliminator located down 
StreamWard of the spray device, means for mov 
ing cooling liquid to the radiator for effecting 
an initial precooling of air thereat without di 
rect contact with the liquid, a reservoir for water, 
means for supplying to and constantly overflow 
ing from said reservoir a regulated amount of 
Water whereby to remove with the overflowing 
Water impurities separated from the air by the 
Water spray, and means for delivering Water from 
the reservoir to the Spray device at a rate in 
excess of the capacity of the air to evaporate and 
receive the same and effecting a Secondary cool 
ing by direct contact of the air and the water 
of the spray, said eliminator operating to remove 
the excess of water before the conditioned air 
leaves said provided path. 

NORMAN H. GAY. 
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