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UNITED STATES PATENT office 
SAMUEL II. ANDERSON, OF SHARON, MASSACEUSETTS, AssIGNOR. To B. F. STURTEVANT 

COMPANY, OF BOSTON, MASSACHUSETTS, A COMPANY . 

AIR CONDITIONINGAPPARATUS 
'Application filed February 14, 1930. Serial. No. 428,313. 

This invention relates to methods and ap 
paratus for controlling the vapor content of 
a fluid and relates more particularly to im 
proved apparatus for conditioning air. 

It is becoming better and better known 
that the ventilating systems of buildings 
should contain apparatus for conditioning 
the air passing therethrough. Where clean 
liness is of importance, it is necessary that 
some form of air washer or filter be used to 
remove the dust and other impurities enter 
ing or produced within the building. In 
addition to the necessity for cleaning the air, 
the necessity for controlling the moisture 
content of the air is of considerable impor 
tance. . 

In winter, living conditions in heated 
buildings are greatly improved when the air 
within the buildings contains a substantial 

20 amount of moisture or water vapor. When 
air is heated in the absence of free water, as 
is customary when hot air furnaces or steam 
radiators are used for heating, it becomes 
drier, although the actual amount of water 

25 vapor present remains the same. In other 
words, the absolute humidity is the same, but 
the relative humidity has been lowered. Rel 
ative humidity is the ratio of the weight of 
water vapor in a given space as compared to 

30 the weight which the same space is capable 
of containing when fully saturated at the 
same temperature. Dry heated air is in 
jurious to the nose, throat and lungs when 
constantly breathed and is at times respon 

35 sible for sore throats and ordinary colds. In 
order that healthful conditions may be re 
stored, it is necessary to add moisture to heat 
ed air. Sufficient moisture should be added 
to the air in public buildings to maintain a 

40 relative humidity from 35 to 50%. The 
humidity to be recommended in good prac 
tice is 50% with a room temperature of 77 
degrees F. . 

Humidity also plays a prominent part in 

of moisture required varies widely according 
to the nature of the process, some processes 
requiring high and others low relative hu 
midities. In textile mills the necessity for 
humidifying and cooling the air has lon 
been known. Today the field of application 
of humidity control apparatus includes such 

2 50 

industries as candy, paper, tobacco, rubber 
goods, bakeries and others. The advantages 
obtained through humidity control are many. 
The time of manufacture may be reduced, the 
quality increased, less breakage or waste oc 
curs. In fact, in all-cases continuous produc 
tion may proceed under conditions that are 
most favorable, regardless of outdoor 
weather. 
In summer in certain locations where the 

relative humidity of the outdoor air is high 
a large portion of the time, the air entering the ventilating systems of buildings needs to 
be dehumidified, that is, a certain amount of 
moisture should be extracted from the incom 
ling alr. - 

It is highly desirable that the ventilating 
systems of buildings include apparatus for 
conditioning the ventilating air so that it may 
be clean and that its heat and moisture con 
tent can be regulated as desired. In winter, 
the equipment should be capable of cleaning, 
heating, and humidifying the air. In sum 
mer, it should be capable of cleaning, cooling 
and dehumidifying the air. The present in 
vention accomplishes these results through 
the use of simple, efficient, and compact air 
conditioning units. 
An object of this invention is to condition 

air or other fluids with more compact and 
more efficient equipment than that previously 
used. 
Another object of the invention is to hu 

'midify ventilating air through an improved 
method of mixing air and water. - 
Another object of the invention is to com 
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tions in compact and efficient air conditioning 
units. 
Another object of the invention is to auto 

matically control the addition of moisture to 
the air in air conditioning apparatus in order 
that the desired relative humidity may be 
automatically maintained. 
Another object of the invention is to auto 

matically control the addition of moisture to the air in air conditioning apparatus through 
observations of condensation of the moisture. 
Other objects will be brought out in the fols. 

lowing description of the apparatus and 
process employed in the invention. 
According to a feature of the invention, an 

air conditioning system for buildings may be 
built up of very small units, the number of 
units employed being proportional to the size 
of the system. A typical system comprises 
ventilating fan units, heating units and air 
conditioning chamber units. 
According to another feature of the inven 

tion, an air conditioning chamber unit may 
be inserted in a ventilating system to serve as 
a humidifier unit. 
According to another feature of the inven 

tion, an air conditioning chamber unit may 
be inserted in a ventilating system to serve as 
a dehumidifying unit. 
According to still another feature of the 

invention, an air conditioning chamber unit 
may be inserted in an air ventilating system 
to perform the functions of a humidifier or 
a dehumidifier, as desired. 
A typical system for humidifying air ac 

cording to this invention may consist of a 
ventilating unit, a heater unit and an air con 
ditioning chamber unit, arranged in the or 
der named. The air conditioning chamber 
unit contains atomizer spray nozzles for humidifying the air. 
A typical system for dehumidifying air 

may consist of the following:-a ventilating 
unit, an air conditioning chamber unit, and 

AO 

a heater unit arranged in the order named. 
The air conditioning chamber unit in this 
case contains water spray nozzles for project 
ing cooling water into the current of air pro 
duced by the ventilating unit. 
A typical system which may combine the 

functions of humidifying air in winter and 
of dehumidifying air in summer may con 
sist of a ventilating unit, a heater unit, an 
air conditioning chamber unit and another 

5 heater unit arranged in the order named. 
The air conditioning chamber unit in this 
case will include atomizer nozzles for humidi 
fying purposes and water spray nozzles for 
dehumidifying purposes. When the system 
is used for humidifying air, the first heater 
unit is employed while the second one is not 
employed. The atomizer spray nozzles of 
the air conditioning chamber unit are used, 
but the water spray nozzles are not. When 
the system is used for dehumidifying pur 
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poses, the first heater unit is not employed, 
while the second is employed. The Water 
spray nozzles in the chamber unit are em 
ployed, while the atomizer spray nozzles are 
not. 
According to another feature of the in 

vention, through the use of a novel air con ditioning chamber unit a novel process for 
dehumidifying purposes is employed. 
According to another feature of the inven 

tion through the employment of the novel air 

e 
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conditioning chamber unit and the novel . 
atomizer spray nozzles, a new process of hu 
midifying air is employed. 
According to another feature of the inven 

tion, the control of the air conditioning sys 
tem may be made automatic, the regulation 
being responsive to humidity control devices 
for maintaining the desired humidity. 
The novel air conditioning chamber unit 

for humidifying purposes, according to this 
invention, contains. two fine mesh filters, 
which serve to close off the two sides of the 
chamber through which the air to be humidi 
fied passes. These filtel's may be made up 
of galvanized steel wool or other suitable ma 
terial. A spray nozzle comprising a water 
tube to which the conditioning water is con 
tinuously supplied and an air tube to which 
compressed air is supplied, is placed in the 
conditioning chamber and serves, when the 
unit is used as a humidifier, to project the 
conditioning water in a finely atomized spray 
in a direction opposite to that of the venti 
lating air, so that a high velocity between the 
ventilating air and atomized water is ob 
tained. The water and compressed air tubes 
of the spray nozzle are preferably so ar 
ranged that the blast of compressed air in ad 
dition to introducing a negative water pres 
sure serving, when the water is not under 
positive pressure, to pull the conditioning 
water through the water tube, produces a 
varying vacuum over the surface of the 
mouth of the water tube so that the surface 
of the water at one side of the mouth of the 
tube is subjected to a vacuum gradient as 
compared to the surface of the water at the 
other side of the mouth of the tube. This 
vacuum gradient causes a turbulence in the 
water near the mouth of the tube, this re 
sulting in a breaking up of the water particles 
and expulsion of them into the blast of com 
pressed air, which projects them into the 
conditioning chamber in such a finely divided 
condition that they vaporize readily in the 
current of ventilating air. The conditioning 
water through the water tube may be under 
positive pressure or may be drawn from a 
supply tank by the force of the compressed 
air across its mouth. 
Superheated steam may be introduced into 
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the air tube as near to the spray nozzle as 
convenient. The object of the steam is to ob 
tain high relative humidity. (between 95% 30 
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and 100%) of the air leaving the condition 
ing chamber. Steam nozzles have been used 
for humidifying purposes heretofore, but the 
past practice has been to eject live steam 
into the ventilating air. With the past prac 
tice, high relative humidities have been ob 
tained, but high temperatures of the ventilat 
ing air were also obtained because there would 
have to be much excess steam in order to get 
complete saturation, this excess steam being 
condensed, its latent heat becoming sensible 
heat which would result in raising the tem 
perature to an unsatisfactory amount. By 
using steam with compressed air according 
to the present invention, this excess steam 
is replaced by compressed air which is inert 
as far as latent heat is concerned and which 
distributes the over-all amount of steam nec 
essary to get complete saturation without 
raising the air temperature unduly. Super 
heated steam is preferably used because the 
ventilating air tends to chill the pipe lines 
within the conditioning chamber and to con 
dense, as a result, steam in the pipe line which 
is not desired. . . . 
The filters which are placed at the inlet 

and exit portions of the chamber are prefer 
ably composed of metal wool which has a 
large number of small interstices to permit 
the air to flow without excessive resistance, 
but serves effectively to catch any entrained 
water particles. Any particles of water in 
the spray from the nozzle which may be 
projected against the inner surface of the 
inlet filter, are broken up into finer particles 
by contact therewith, which finer particles 
are sustained by the ventilating air. 
entrained moisture in the air leaving the con 
ditioning chamber is extracted therefrom by 
the exit filter, both filters serving to prevent 
large droplets of water from being carried 
by the ventilating air. 
The invention will now be explained with 

reference to the drawings, in which: 
Figure.1 is a side view of a complete air conditioning system built up of unitsin which 

the functions of humidifying and dehumidi 
fying air are combined. 

Fig. 2 is a side sectional view of the air 
conditioning chamber of the system of Fig.1. 

Fig. 3 is a sectional view along the lines 
3-3 of Fig. 1 and shows the piping arrange 
ment of the atomizer and water spray noz 
zles. 

Fig. 4 is a sectional view of the atomizer 
nozzle which is a part of this invention. 

Fig. 5 is a top view of the atomizer nozzle 
shown in section by Fig. 4. 

Fig.6 is a view looking from the rear of 
the apparatus shown by Fig. 1 and shows a 
portion of the piping of the apparatus. 

Fig. 7 is an enlarged diagrammatic view 
of the humidity control apparatus of Fig. 1, 
and 

Fig. 8 is a diagrammatic view of the elec 

Any 

humidify 

trical mechanism of the automatic shut-off 
valves employed with the water piping of 
the system. . - - 

Reference is now made to Fig. 1, which 
shows a ventilating system built up of the 
different units which are employed accord 
ing to this invention, together with asso 
ciated water, steam and air piping. The 
ventilating unit 10 contains the fan 14 driven 
by the motor 15. Attached to the ventilating 
unit 10 is the heater 11 which contains the 
heating coils 16. The air conditioning 
chamber unit 12 is attached at one side to 
the heater unit 11. The equipment con 
tained within the air conditioning chamber 
unit will be described in detail later with 
reference to Figs. 2 and 3 of the drawing. 
To the other side of the air conditioning 
chamber unit 12 is attached one side of the 
heater unit 13 and to the other side of the 
heater unit 13 is attached the ventilating duct 
17. The heater unit 13 contains the heater 
coils 18, which are similar to the heating coils 
16 in the heater unit 11. The current of air 
produced by the ventilating unit 10 passes 
first over the heating coil 16 of the heater 
unit 11, then into the air conditioning cham 
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ber unit 12, out of the air conditioning 
chamber unit 12 over the heating coils 18 of 
the heater unit 13 and out of the ventilating 
duct 17 into the room the air of which is to 
be conditioned. The air conditioning cham 
ber unit 12, as shown in more detail by Figs. 
2 and 3, has mounted therein at the side 
through which the ventilating air enters, the 
separator baffle plates 19 next to which is 
placed the filter 20. This filter 20 preferably 
contains metal wool which contains a large 
number of small interstices to permit the air 
to flow into the air conditioning chamber 
without excessive resistance, but which serves 
effectively to catch any entrained waterparti 
cles. Contained also within the condition 
ing chamber unit 12, are the atomizer nozzles 
21, the details of which are shown more 
clearly by Figs. 4 and 5 and the water spray 
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nozzles 22. The atomizer nozzles 21 serve, 
as will be explained in detail later, to atomize 
conditioning water so that it may be vapor 
ized by the ventilating air passing through 5 
the air conditioning chamber unit so as to 

the ventilating air when its 
humidity is low. The water spray nozzles 
22 serve to project a fine spray of water into 
the air conditioning chamber unit 12 so as to 
cool and dehumidify the air when the air 
conditioning chamber unit is used as a de 
humidifying unit, as in summer months when 
the humidity is too high for comfort. The 
air conditioning chamber unit 12 has at its 25 
side, where the ventilating air exits, the fine 
mesh filter 23 which contains steel wool simi 
lar to that of the filter 20, and next to the 
filter 23 is the separator baffle 24 containing 
vertically placed baffle plates. u? 30 
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4 and 5 of the drawings. 
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When the apparatus is used as a humidify 
ing system, the fan unit 10, the heater unit 16 
and the air conditioning chamber unit 12 
are the only units employed and in the air 
conditioning chamber unit only the atomiz 
ing nozzles 21 are used. 
When the apparatus is used as a dehumidi 

fying sytem, the fan unit 10, the air condi. 
tioning chamber unit 12 and the heater unit ... is are the only units employed and in the 
air conditioning chamber unit 12 only the 
water spray nozzles 20 are used. 
The air conditioning chamber unit 12 will 

now be described with reference to Figs. 2, 3, 
This unit comprises 

the metal casing 25 which forms a part of 
the air duct through which the ventilating air 
is caused to flow by the action of the ventilat 
ing unit. The casing 25 contains the atomizer 
nozzles 21 which serve to project a finely 
atomized spray of water into the ventilating 
air. The atomizing nozzles 21, as shown by 
Fig. 3, are built up of a plurality of sections. 
Each section includes two flanges 26 between 
which are connected the water pipe 27 and 
the compressed air pipe 28, the flanges and 
the two pipes being connected integrally. 
The sections are bolted together through the 
holes 29 and as many sections as desired may 
be used. When bolted together, the pipe sec 
tions 27 and 28 form continuous water and 
air pipes, respectively, extending across the 

s 

40 

s) 

zle 31. 

chamber unit. A water tube 30 is threaded 
into the center of each water pipe section 27. 

5. Each compressed air section 28 is formed 
with an air nozzle 31, the water nozzle 30 
and the compressed air nozzle 31 being so ar 
ranged that the current of air from the air 
pipe 28 moving across the mouth of the Water 
nozzle 30 produces a suction therein. By 
having the axes of the water, nozzle 30 and 
the air nozzle 31 arranged at an angle of 
slightly less than 90° to each other, the air 
current from the compressed air tube 28 is 

5 not blown exactly parallel to the exit surface 
of the water nozzle 30, so that a varying vac 
uum is produced at different points on the 
surface of the water nozzle 30, this tending, 
when water is being projected from the water 
nozzle, to create turbulence in the water flow 
so as to break the water up into finer particles 
to assist the atomizing action of the air noz 

The casing 25 also contains the 
water spray nozzles 22. These nozzles are 
only used when the unit is to be used for 
dehumidifying purposes. The spray nozzles 
22 are of the ordinary spray type commonly 
used in the present type of air conditioning 
apparatus and are supplied with water from 
a circulating pump through the main pipe 
32 and the branch pipes. 33. The nozzles 
22 are so arranged that the water spray pro 
jected from them is in a direction opposing 
the air current produced by the ventilating 
unit 10 (Fig. 1) and the spray nozzles 22 

1,886,777 
and the front filter 20 of the chamber unit 
cooperate to cool the air passing through the 
chamber unit 12 inasmuch as the water spray 
from the nozzles 22 impinge on the surface 
of the filter 20, this breaking the water up 
into finer particles so that the ventilating 
air is cooled both by contact with the surface 
of the filter 20 and by contact with the water 
spray filling the chamber unit 12 produced 
by the nozzles 22. 
The associated apparatus for cooperating 

with the air conditioning chamber unit 12 
consists of the combination air and water 
pump 34 which is mounted on the foundation 
35 and adapted to be driven by the motor 36. 
In this type of pump the air is used as a seal 
for the end of the air compressor to prevent 
leakage of the water around the ends of the 
compressor plates. The air is drawn into 
the pump through the silencer unit 37 which 
maybe of the “Maxim' type and through the 
pipe 88. The silencer 37 serves to decrease 
the noise caused by the air being drawn 
through the pipe 38 into the pump 34. Water 
is drawn into the compressor 34 from the 
water pipe 89. Air and water are forced out 
of the pump 34 into the separating chamber 
40 which separates the water from the com 
pressed air. The compressed air is carried 

70 
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from the separating chamber 40 to the com- 95 
pressed air nozzles 31 of the atomizer nozzles 
21 by means of the connecting pipe 41. Su 
perheated steam is supplied to the compressed 
air pipe 41 from the superheated steam source 
42 through the connecting pipes 43 and shut 
of valve 44. The point at which the super 
heated steam is introduced into the com 
pressed air pipe 41 should preferably be as 
close to the atomizing nozzle 21 as possible 
in order that as little condensation of the 
steam as possible will take place in the com 
pressed air pipe. The water for the system 
is supplied to the reservoir 45 from a suitable 
water source through the water pipe 46 past 
the automatic shut-off valve 47 which is 
adapted to shut of the water when the elec 
trical supply to the motor 36 is shut off. Sim 
ilarly, the water source supplies water to the 
reservoir 48through the pipe 49 and the auto 
matic shut-off valve 50. nozzle box 51. 
contains supply water for supplying directly 
the water to the atomizer nozzles 21, the water 

100 
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being supplied from the reservoir 45 to the 
nozzle boxes 51 by means of the supply pipe 
52. The water from the supply pipe 52 on 120 
its way to the nozzle boxes 5ipasses through 
the check valve 53 which serves to prevent 
return water from flowing from the nozzle 
boxes, 51 and through the electrically oper 
ated throttle valve 54 and the compressed air 
operated throttle valve 55. The valves 54 
and 55 control the amount of water to the 
atomizer nozzles 21 and are operated through 
humidity control devices, as will be explained 
in detail later. The gauge glass 56 (Fig. 6) 30 
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serves to indicate to the operator the head of 
water in the nozzle boxes 51 and roughly, 
through the knowledge of water being vapor 
ized, the degree of humidity being obtained. 
In operation the amount of water which is 
atomized by the atomizer nozzles 21 is de 
pendent upon the head of the water in the 
nozzle boxes 51 and upon the velocity of the 
compressed air. The velocity of the com 
pressed air is preferably kept constant and 
the head of water in the nozzle boxes 51 may 
be varied over a large range to give either a 
positive or a negative head to control the 
amount of water passing through the nozzles 
21. If the water level in the nozzle boxes 51 
is below the mouth of the water nozzle 30 of 
the atomizer nozzle 21, a negative head of 
water is present and the compressed air 
through the atomizer nozzle 21 serves to draw 
the water from the nozzle box 51. When the 
water level is above the mouth of the water 
nozzle 30, there is a positive head of water. 
The water level in the nozzle box 51 and the 
resulting amount of water supplied to the 

gulated by the set 
tings of the throttle valves 54 and 55. After 
each setting of these throttle valves, the water 
in the nozzle box 51 will find a level which 
will represent an equilibrium between the 
rate at which water is being withdrawn by 
the action of the blast of compressed air un 
der the head of water determined by the level 
in the nozzle box and the rate at which the 
water is brought into the nozzle box by the 
reservoir 45 through the throttle valves. If, 
for example, more water is permitted to flow 
into the nozzle boxes 51 the level will rise in 
creasing the positive head of water (or di 
minishing the negative head) to the atomizer. 
nozzles 21 and thus greatly increasing the rate 
at which the water is drawn out by the blast 
of compressed air. The water pipe 56 con 
nects the reservoir 45 and the pump 34 and 
serves to return excess water in the separat 
ing chamber 40 to the reservoir 45 due to the 
pressure maintained in the separating cham 
ber 40 by the operation of the pump 34. . 
The lower portion of the casing 25 of the 

air conditioning chamber unit 12 has formed 
therein the drain pan 57 which serves to col 
lect any water deposited within the air condi 

t 

tioning chamber unit 12. The drain pan 57 
is connected with the reservoir 48 so that the 
same level of water is present in both. The 

5 reservoir 48 has contained therein the float 60 
which serves to maintain the water level in 
the drain pan 57 and the reservoir 48 at the 
desired level. The reservoir 48 is connected 
through the valves 61 and 62 and pipe 63 to 
the reservoir 64. The water pipe 65 serves to 
equalize the water level in the tank 48 and 
the drain pan 57. The valve 68 controls the 
water from the drain pan 57 which may pass 
through the pipe 69 to the suction side of the 
circulating pump which supplies water to 

5 
the spray nozzles 22. The overflow pipe 70 is provided for E.g. away any excess water 
from the drain pan 57. The tank 64 collects 
the water drained from the drain pan 57. 
and returns any excess water through the 
automatic shut-off valve 71 and the throttle. valve 72 to the water intake pipe 39 which 
supplies the pump 34. 

In order that stificient water may be pres- 7 
5 ent within the compressor 34 to serve as a 

seal, the tank 64 is connected by means of the 

70 

pipe 39 to the compressor. The water enter 
ing the water pipe 73 is controlled by means 
of the float 75 so that a constant levelis main 
tained in the reservoir 64 to maintain a con 
stant rate of feed to the compressor 34. 
Since the amount of water to operate the com 
pressor remains constant under normal op 
erating conditions a throttle valve 72 is sup 
plied which acts in conjunction with the 
constant head of water to insure an even flow 
of water into the pump. A final adjustment 
in the valve 72 is made after starting the 
apparatus. 
The automatic shut-off valves 47, 50 and 71 

are provided to shut off the water supply, 
when the apparatus is shut down, to prevent 
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flooding of the pump with consequent incon 
venience and delay when it is desired to start 
the apparatus again. The arrangement of 
these automatic shut-off valves is illustrated 
by Fig. 8. Each valve contains the solenoid 
76 which is magnetized to hold the valve open 
when the motor 36 is running by connection 
across two of the terminals 77 of the motor 
so that when the switch 78, which controls 
the motor 36, is opened the solenoid 76 con 
nected with each valve is demagnetized, per 

00 

mitting the valve to close shutting off water 
action. A similar action takes place in case 
of power failure, thus serving as an addi 
tional safety factor. 
The water for supplying the water spray 

nozzles 22 enters the reservoir 48 and the 
drain pan 57 and passes through the return 
pipe 69 to a circulating pump (not shown). 
This circulating pump forces the water 
through the supply pipes 32 and 33 to the 
nozzles 22. The water from the nozzles 22, 
after being projected through the air and 
against the filter 20 to cool the air to be 
humidified, collects in the drain pan 57 and 
is used oyer and over again. This water will ordinarily be used with a refrigeration appa 
ratus with the cooling water being used over 
and over again with refrigeration with each . 
cycle, any loss of water due to evaporation 
or leakage being automatically made up from 
the reservoir by the float valve 60 and any 
excess of water as from condensation being 
disposed of through the overflow 70. 
When the system is used for humidifying 

air as in the winter months, the ventilating 
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air is forced by the fan 14 past the heating. 
coils 16 of the heater unit 11, thus heating the 30 
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air to the desired temperature. This heated 
air passes into the air conditioning chamber 
unit 12 through the separator baffle plates 19 
and filter 20 and passes from the air condi 
tioning chamber unit 12 through the filter 23 
and the separator baffle 24. The atomizer 
nozzle 21 is so arranged that the compressed 
air from the compressed air pipe 28 blowing 
across the water nozzle 30 produces a very 
fine atomized spray of water. The super 
heated steam introduced into the compressed 
air pipe 41 from the superheated steam source 
42 enables higher relative humidities to be 
obtained from the use of the apparatus inas 
much as insufficient steam is supplied to raise 
the temperature unduly but sufficient steam is 
supplied to get complete saturation, the steam 
being so mixed with a large amount of com 
pressed air that no excess steam is required 
to get complete saturation. The spray which 
leaves the atomizer nozzle 21 consists of fine 
ly atomized particles of water mixed with 
air and steam. This atomized spray is so 
fine that it is readily vaporized by the heated 
air passing through the air conditioning. 
chamber unit. The atomized spray from the 
atomizer nozzle 21 is projected in a direction 
opposing the air current through the air con 
ditioning chamber unit. In this way a high 
relative velocity between the air current and 
the projected atomized spray is obtained. 
The atomized spray is projected against the 
current of air to the front filter 20 and is 
then carried by the current of air back 
through the air conditioning chamber unit 
to the exit filter 23 where any entrained mois 
ture is separated from the air. Since the 
atomized spray is projected initially to flow 
opposed to the air to be conditioned, the wa 
terparticles not only have a high relative ve 
locity relative to the air particles, but this 
high relative velocity is maintained for a 
considerable period of time so that much of 
the humidifying effect is obtained before the 
water particles begin to flow rearwardly with 
the air current. Due to this it is possible to 
utilize a conditioning chamber of relatively 
short length and yet obtain an efficiency of 
conditioning favorably comparable with the 
very large chambers heretofore employed. 
The water spray nozzles which have been 

heretofore used for humidifying purposes 
have been of the type which employed water 
nozzles having small orifices through which 
the conditioning water is forced under pres 
sure to produce a finely divided spray with 
which contact with the air is promoted. Due 
to the very small orifices required it has been 
difficult to keep the nozzles clean and from 
being choked up especially where, in certain. 
manufacturing plants, considerable lint or 

85 

solid refuse is deposited from the air. This 
type of nozzle also has the disadvantage that 
the spray is insufficiently atomized to permit 
the necessary intimate contact with the par 
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ticles of the air current unless an extremely 
large quantity of water is used. The amount 
of water vaporized employing such nozzles is . 
only a fraction of that sprayed through the 
nozzles. Another disadvantage with systems 
employing the common spray nozzles for pro 
E. moisture into the air is that no regu 
ation of the spray or of the amount of water 
vaporized by the air can be made, since the 
nozzles operate under water pressure alone. 
The volume of the spray and the degree of 
vaporization are both determined by the wa 
ter pressure and this water pressure must be 
maintained within fairly close limits to ob 
tain any effective spray for vaporization. If 
the water pressure is decreased below its full 
value, the volume of water passing through 
the nozzle is not only decreased, but the spray 
value may be entirely lost, the water being 
forced out only as a stream and not as a spray. 
The water must be either full on or full off, 
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no intermediate spraying conditions being. 
permissible. According to the present in 
vention, accurate control of the amount of 
water to be vaporized and a high efficiency of 
vaporization are obtained. The volume ad 
mitted to the water tubes and atomized in 
the form of spray is exactly governed by the 
head of water either positive or negative and 
the velocity of the air blast. The amount of 
water actually vaporized depends, however, 
upon the degree of moisture which it is de 
sired to impart to the air. For example, if 
it is desired to approach 100% of humidity 
practically all of the spray is vaporized, only 
a very small amount of water being returned 
to the drain. For theoretical maximum hu 
midification an increased amount of water is 
required and since the air becomes less capa 
ble of sustaining the water particles at high 
humidities, a large portion of the water will 
be returned to the drain. In any case, how 
ever, the humidifying system, according to 
this invention, employs only a small amount 
of water for the usual nozzle for the same 
amount of humidification. Also, since a wa 
ter tube with a single large orifice is em 
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ployed (in the preferred form is about 3% of 
an inch) there is little or no possiblity of this 
becoming stopped up. The spray will there 
fore operate continuously over a long period 
of time without the necessity of a shut-down 
for repairs or cleaning. 
When the apparatus in the system is used 

for dehumidifying purposes, the air to be 
dehumidified is forced by the fan 14 of the 
ventilating unit 10 through the air condi 
tioning chamber unit 12 and over the heat 
ing coils 18 of the heater unit 13. The air, 
of course, passes over the heater coil 16 of 
the heater unit 11, but in this case the heater. 
coil 16 of the heater unit 11 is not heated, 
so that the heater unit 11 is not in operation. 
In operation, the heater coils 13 of the heat 
er unit 18 are heated by steam, gas, or other 
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suitable means. The heater unit 18 may be 
connected directly to the ordinary house 
hold heating system. With the ventilating 
unit 10 in operation so that a current of the 
air to be dehumidified is passed through the 
air conditioning chamber 12, the water sup 
ply through the pipe 49 to the reservoir 48 
is turned off and the circulating water pump 
(not shown) is set into operation. Cold 
water, or a solution (capable of being cooled 
below the freezing point of water), if pre 
ferred, is sprayed from the nozzles 22 into 
the air current, cooling the air by direct con 

5: are discharged with sufficient velocity 
reach the inlet screen 20, which they strike 

2. 

30 

35. 
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tact. The larger particles of cooling liquid 
tO 

with such force that they are immediately 
broken into still finer spray, some of which 
remains upon the screen, while the rest is 
carried back through the spray chamber by 
the air current, absorbing more heat there 
from by direct contact. A portion of the 
spray falls downwardly through the cham 
ber and is collected in the drain pan 57. 
Still another portion of the spray is carried 
back with the air current and onto the out 
let stream 23, heat being absorbed from the 
air by direct contact through this movement. 
The cold water which impinges upon the in 
let screen 20, and which is carried by the air 
current onto the outlet screen 23, absorbs 
heat from the metal wool, or other material, 
which is contained within the screens, reduc 
ing the temperature thereof. Although the 
cooling liquid does not penetrate the inlet 
screen to any substantial extent, nevertheless, 
due to the heat conductivity of the material 
composing this screen, the entire mesh of 
the screen will be reduced in temperature 
and will, in turn, become effective to cool the 
air flowing through it. With such material 
as metal wool forming the screen, the air 
will be broken up into a multiplicity of 
minute air currents, which will be offela. tively high velocity, thereby securing a rapid 

continuously supplied, the screens are kept 
05. Due to the fact that heat 

heat transfer from the air to the screen and 
to the water entrained in the screen. Such 
Water as is caught by the screen, which in 
the case of the outlet screen 23 will be con 
siderable, will not only absorb heat from 
the screen, but being exposed to the air, will 
absorb heat directly therefrom. As the wa 
ter collects on theinlet and outlet screens, it will work downwardly, finally being dis. 

- charged into the drain pan 57, as will be 
any water which may be collected upon the 
Sparator baffles. 19 and 24. In addition to 
cooling the air, the water entrained in the 
screen will act to collect particles of dust and 
dirt carried with the air current, the screens 
thus having the additional function of wash 
ing the air, and since fresh spray water is 
clean. 

is absorbed from 

the air not only by the cooling water but 
by the filters, a very efficient and rapid ab 
sorption of heat is secured, permitting the 
use of an apparatus of small dimension and 
requiring the use in handling of but a rela 
tively small amount of water. For example, 
I have found by actual experience that by 
the use of the process and apparatus above 
described, the same cooling and dehumidify 
ing effect can be secured upon a given volume 
of air by apparatus less than one-quarter 
of the size of that heretofore required, and 
with the use of less than one-quarter the 
amount of water heretofore required. 
According to another feature of this in 

vention, I propose to spray through the cool 
ing nozzles of the humidifier unit a liquid or 
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solution having low vapor pressure which 
does not have the tendency to cause rust, as 
a brine solution does. Such a liquid may be. 
for example, glycerine or any similar liquid. 
The glycerine may be mixed with water or 
other liquid to form a solution. 
The advantages of using a liquid such as 

glycerine as a cooling spray are: (1). The 
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glycerine does not add vapor to the air, as 
water does. This results in an economy in 
the amount of liquid used and in a saving in refrigeration capacity. (2) The glycerine 
or glycerine solution does not have the tend 
ency to rust the spray nozzles and other metal 
used in the unit, as the brine solution now 
used. (3) The glycerine or glycerine solu 
tion can be cooled by the refrigeration equip 
ment to a temperature much lower than that 
of water. 
The dehumidifying system herein dis 

closed is not necessarily limited to cooling 
or dehumidifying air. For example, it may 
be used for cooling a liquid, the latter being 
sprayed through the nozzles while air of 
lower temperatures is passed through the ap 
paratus. The present apparatus and process 
may be used for the cooling or heating of 
air, or the cooling or heating of liquids, as 
desired, depending upon the relative tem 
peratures of the air and the liquid. Nor is 
the invention limited to the use with air alone 
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for, obviously, it may be used with various 
other gaseous fluids, as with different gases. 

In winter months, when it is desired to 
heat and humidify the ventilating air with 
the system shown by Fig. 1 of the drawings 
the air, after passing through the heater 
unit 11, may have a dry bulb temperature of 
117 and a wet bulb temperature of 64.5°. 
After passing through the air conditioning 
chamber unit 12, and being subjected to the 
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action of the atomizer nozzles. 21, the air 
will pass from the air conditioning chamber 
unit at the dry bulb temperature of 77 and 
a wet bulb temperature of 645, this being 
equivalent to a relative humidity of 50%, 
which is that desirable in offices or homes. 
In summer months, the air entering the lco 
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is sensitive to the amount of moisture in the 
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: " air conditioning chamber 12 may have a 
dry bulb temperature of 90° and a wet bulb 
temperature of 85, this being equivalent to 
a relative humidity of 82%. The water 
spray nozzles 22 may project a water spray 
having an average temperature of approxi 
mately 53° into the air, this resulting in the 
air leaving the air conditioning chamber unit 
12 having a dry bulb temperature of 57° 
and a wet bulb temperature of 57, this be 
ing equivalent to a relative humidity of 
100%. After passing through the heater 
unit 13, the air is heated and raised to a dry 
bulb temperature of 77° and a wet bulb tem 

; perature of 64.5°, this resulting again in a 
relative humidity of 50% 
sirable for comfort. 
The system herein disclosed may perform 

the functions of humidifier or dehumidifier, 
as desired. Obviously, of course, the sys 
tem may be made to perform only one of the 
functions, and may be cheapened and sim 
plified by omitting the apparatus which is 
essential only for the other function. For 
example, if the equipment is to be used for 
humidifying purposes only, it is not neces 
sary that the heater unit 13, nor the water 
spray nozzles 22, with their associated equip 
ment, be employed. Also, if the equipment 
is to be used for dehumidifying purposes 
only, it is obvious that the heater unit 11 
and the atomizer nozzles 21 and their asso 
ciated equipment, may be omitted. w 
In order that the adjustment of the appa 

ratus may be automatic when performing 
humidifying functions, there have been pro 
vided two methods of automatic control, both 
of which may be used alone. One of the 

which is that de 

methods utilizes a humidity recorder-con 
... troller to control the flow of water to the 
atomizer nozzles, and the other utilizes an 
apparatus for shutting off the water supply 
to the atomizer nozzles when the humidity 
within the room becomes so high that mois 
ture condenses on the window panes or upon 
other transparent mediums within the room, 
the air of which is being humidified. 

Referring now to Figs. 1 and 7 of the 
drawings, the humidity recorder-controller 

50.80, which may be of any well known con 
struction, is provided with a member 81 
which is placed within and near the dis 
charge duct 17, through which the humidi 
fied air is discharged into the room, which 

conditioned air. In order to adjust the throt 
tle valve 55 as desired, the compressed air 
valve 82 is connected to the throttle valve 
55 and is controlled from the humidity con 
troller 80 through the compressed air line 
83, which may be supplied with compressed 
air from the compresser pump 34. As the 
humidity increases above the desired level, 
the recorder-controller operates the com: 
pressed air valve 82 to adjust the amount 

desired to humidify 
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of water flowing to the atomizer nozzle 21. 
As the humidity decreases below the desired 
level, the humidity controller 80 operates 
through the compressed air valve 82 to per 
mit more water to flow through the water 
supply pipe to the atomizer nozzle 21. 

Referring now to Fig. 1 of the drawings, 
the room or enclosure, the air of which it is 

w may have associated 
with the window pane 84 the light-respon 
sive apparatus for shutting of the supply of 
Water to the atomizer nozzles 21 when mois 
ture condenses on the inner surface of the 
window pane. The light-proof enclosure 85 
is mounted on the outside of the building and 
against the lower portion of the windowpane 
84, which is exposed to the atmosphere. The 
enclosure 85 has contained therein the light 
source 86, the light of which is focused by 
the lens 87 through the window pane 84 upon 
the light-sensitive cathode of the photo-elec 
tric cell 88 contained within its light-proof 
enclosure 89 within the room, the air of 
which is to be humidified. In order that 
the surface of the window pane 84 which 
is covered by the enclosure 85 may be ex 
posed to the same atmospheric conditions 
as though the enclosure 85 were not there, 
the fan 90 is mounted within the enclosure 
85, at the opposite end of the enclosure 
from the window pane 84 and is adapted 
to be driven by the motor 91 so as to 
draw air through the light-proof shutters 
92. The air drawn through the light-proof 
shutters 92 circulates along the surface of 
the window pane 84, which is covered by the 
enclosure 85 and is discharged from the en 
closure 85 through the fan outlet 93. With 
such an arrangement, the only light focused 
by the lines 87 on the photo-electric cell 88 
is that from the light source 86 and atmos 
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pheric temperature conditions at the surface 
of the window pane covered by the light 
proof enclosure 85 are maintained the same 
as if the enclosure were not present. 
The photo-electric cell 88 and the light 

source 86 and lens 87 are so placed with re 
spect to the window pane 84 that the first 
moisture which condenses on the inner sur 
face of the window pane cuts of a portion of 
the light focused by the lens 87 on the light 
sensitive cathode of the photo-electric cell 88. 
The enclosure 89 is so placed with reference 
to the enclosure 85 and the aperture 90 of the 
enclosure 89 is so arranged, that no direct 
light through the windowpane, except in the 
concentrated beam from the lens 87, is per 
mitted to reach the photo-electric cell 88. 
As moisture collects on the inner surface of 
the window pane 84, a portion of the light is 
cut off from the photo-electric cell 88. This 
change in illumination of the cathode of the 
photo-electric cell causes a decrease in cur 
rent through the amplifier 94 and the relay 
95, this causing the relay contacts to open 

a 20 

15 

20 



O 

2) 

2 5 

ber unit, such as has been described, may be 0 
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the circuit including the current source 96 
and the solenoid winding of the throttle 
valve 54. This throttle valve 54 may be of 
the type shown by Fig. 8 of the drawings. 
The arrangement is such that the appearance 
of moisture on the inner. surface R the win 
dow pane 84 causes a decrease in current 
through the relay 95, this permitting the re 
lay to open the circuit in which the solenoid 
winding of the throttle valve 54 is connect 
ed, this permitting the valve to close and in 
doing so shut of the supply of water to the 
atomizer nozzle 21. When the moisture dis 
appears from the inner surface of the win 
dow pane 84, the increase in illumination of 
the cathode of the photo-electric cell causes 
an increased current to flow through the am 
plifier 94 and relay 95, this causing the re 
lay 95, this causing the relay 95 to close the 
circuit including the current source 96 and 
the solenoid of the throttle valve 54, this 
energizing the solenoid of the throttle valve 
54 and causing the valve to open to supply 
water again to the atomizer nozzle 21. 
The air conditioning system which has been 

described herein is seen to be built up of a 
number of small, compact, interchangeable 
and easily detachable units. The air con 
ditioning units, such as the fan units, the 
heater units and the air conditioning cham 
ber units, are adapted to be placed one above. 
the other in line with each other, or along 
side of each other, in their proper relations, 
in order to build up an air conditioning sys 
tem of any desired size. As previously stated, 
the units are very compact and are so small 
that they may be used in small enclosures. For example, a successful conditioning cham 
only 16 inches long in the direction of the 
airblast and 26 inches high. The different 
units may be built up in a system employing 
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a single unit of each type for conditioning 
the air within an ordinary room, or may be 
built up with a number of units of each type 
for conditioning the air of an entire build 
ing. Heretofore, air conditioning systems 
have been very large and bulky, and in in 
stalling the present type of systems the build 
ings have had to be remodelled, or consider 
able changes have had to have been made 
in the buildings. With the system accord 
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ing to the present invention, due both to the compactness of the units and to their high 
efficiency and low water consumption, they 
may be placed as air conditioning systems in 
almost any enclosure without material 
changes. w 
Whereas one embodiment of the invention 

has been described for the purpose of illus 
tration, it should be understood that many 
apparently widely different embodiments of 
the invention can be made without departing 

- c5 
from the scope thereof and that it is intended 
that all matter contained in the above de 

scription or shown in the drawings 
interpreted as illustrative and not in a limit 
ing sense. 
Having described my invention 

I claim as new and desire to secure 
ters Patent is:- 

1. Air conditioning apparatus comprising, 
in combination, a conditioning chamber hav 
ing a water tube and an air nozzle cooperable 
to cause water from said tube to be projected 
in said chamber in an atomized state by air 
delivered from said nozzle, and a water sup 
ply apparatus for said tube having a head 
of water adjustable for making the discharge 

what 
by Let 

fron said t eiuher dependent or inde 
pendent of air delivered from said nozzle. 

2. An apparatus for humidifying the air 
within an enclosure comprising a chamber 
through which the air to be humidified flows, 
an atomizing nozzle within said chamber 
for moistening said air, and means controlled. 
by the formation of a film of moisture upon 
an observation surface within said enclosure 
i. controlling the moisture from said noz 
Ze, 

8. An apparatus for humidifying the air" 
within an enclosure comprising a chamber 
through which the air to be conditioned flows, 
an atomizing nozzle within said chamber for 
moistening said air, a transparent medium 
within said enclosure, and means controlled 
by the condensation of moisture upon said 
medium for controlling the moisture from 
said nozzle. . . 

4. Apparatus for humidifying the air with 
in an enclosure comprising a chamber 
through which the air to be conditioned flows, 
an atomizing nozzle within said chamber for moistening said air, a transparent medium 
separating said enclosure from an atmosphere 
having a different temperature, and means 
responsive to light variations through said 
medium due to condensation of moisture 
thereon, for controlling the moisture from 
said nozzle. 

5. Air conditioning apparatus comprising 
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in combination, a conditioning chamber hav. 
ing a fixed water tube and an air nozzle co 
operable to cause water from said tube to be 
projected in said chamber in an atomized 
state by air delivered from said nozzle, a 
water supply apparatus for said tube, and 
means for varying the water level in said wa ter supply apparatus. 

6. Air conditioning apparatus compris 
ing in combination, a conditioning chamber 
having a water tube and an air nozzle co 
operable to cause water from said tube to be 
projected in said chamber in an atomized 
state by air delivered from said nozzle, a wa 

ls. 
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ter supply apparatus for said tube, and mean 
responsive to the relative humidity of the 
air delivered from said air conditioning ap 
paratus for controlling the head of water in 
said water supply apparatus and the result 30 
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ing amount of water discharged from said 
tube. . 

7. Apparatus for humidifying the air 
within an enclosure, comprising a chamber 
through which the air to be humidified flows, 
means within said chamber for moistening . 
said air, and means controlled by the forma tion of a film of condensed moisture within 
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said enclosure for controlling the moistening 
means within said chamber. 
In testimony whereof I affix my signature. 

SAMUEL. M. ANDERSON. 
S. 


