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11 Qlaimm

This invention relates to improvements in air_

conditioning, and. more particularly to apparsatus

for controlling the temperature conditions of air

delivered into auditoriums, theatres, and special

purpose rooms in industrial plants. .
The object of the invention is to provide a prac-

tical and efficient method of regulating the tem-

perature of the conditioned air by the tempera-

ture in the room or auditorium by conirolling the

volume of water utilized in the conditioning ap-
paratus for cooling the air, by thermostatic

- means located in the conditioned room or audi-

torium,

In addition to the temperature the humidity
of the air is a factor in the conditioning of air
and therefore a further object of the invention is
to provide a dual control whereby both tempera-

ture and humidity conditions are maintained to

afford the desired conditions of comfort.

As well known in the art of air conditioning,
the amount of moisture in the air, expressed in
terms of relative humidity, has a marked effect

on the temperature to which the air may be

heated to give the proper conditions of bodily
comfort. Thus air containing a high percentage
of moisture can be supplied at a lower tempera-
ture and vice versa, so that the proper condi-
tioning of air is a matter of maintaining a cer-

tain Qdifferential between the temperature and

humidity, as for instance as recorded by wet or
dry bulb thermometers. This differential, how-

ever, is not constant but variable with the changes .
"in the atmospheric conditions in the .auditorium

or other space being supplied. For example, &
crowded auditorium in cold weather demands &
different conditioning. of the sair supply than
during warm or mild weather, or when partially
filled, so that regardless of exterior conditions

" and temperature, any automatic control of air
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conditioning system should properly be governed
by the temperature within the space to which air .

is delivered. ‘Thus the present disclosure depends

not so much on the units which make up the

conditioning apparatus or their arrangement, but
rather- on the method of controlling the action

.of those units and the means for accomplishing

such control. ~
A preferred embodiment of my mvention is

disclosed in the accompanying drawings, in which
Figure 1 is a general top plan view of the

essential parts of air conditioning apparatus

- equipped with the improved control device, and -

. Pigure 2 is a view 'in side elevation of the same

parts with portions of the duct or casing removed B

to disclose the interior.

frigerating apparatus (not shown).

(Cl. 261—115)

Referring to Figure 1, the conditioning appa-

- ratus consists in general of a chamber or housing
1, having air inlet openings or ducts 2 and 3

cormnunicating at one end, and leading to a fan
chamber &.at its other end through an inter-
mediate converging section 5. Within the fan
chamber is a fan 6 of & suitable suction type,

driven by & motor 7 and operative to draw the

air through the casing | and discharge it through
an ocutlet duct 8 into the auditorium through
smaller ducts and passages.

The air entering the easing' I through the:
openings or passages 2 and 3 is admitted from
two sources, viz., from the outer atmosphere and

from the mterior of the auditorium. Thus the

passage 2 is the fresh air inlet and the passage 3

10
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the return or recirculated air inlet, the fresh air -

being at the ocutside temperature and the return
air at the inside temperature, and which vary
according to the climate and season of the year.
Sets of dampers 9 and 10 are located in these
fresh air and return air passages respectively,
and these are thermostatically operated to regu-

late the proportion of each source of air, as wnl

later be described in detail.
Within the casing I are- loeated the several air

treating elements of the system, which, consid-
ered as a unitary assembly, is termed the' de-

humidifier. Broadly defined, a dehumidifier may
be any cooling surface or medium into which the

incoming air .comes into contact, so that a cool-
ing effect is produced. Thus a water spray or
- refrigerated coils may serve as a dehumidifier,

although I prefer to employ a combination of

‘the two, and contro} the degree of dehumidifying
- and consequently the temperature by regulating
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atitomatically the amount of water issuing from

" the spray heads. Thus in the central portion of
" the casing t are three vertical banks of refriger-

t{ connected with a suitable re-

Over the
coils extend horizontal headers {2, each having

ating coils #1,

downwardly directed spray heads (28 located at

intervals - thereabove. These headers are. ar-
ranged in' pairs, one pair to a- coil, each pair
being connected together exterior to one side of

" the casing and with -a branch supply pipe 13,

leading to a main supply pipe 14 from a pump #5,

40
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driven by & motor M. In each of the branch sup- .

ply pipes 13 is a valve 16 of the diaphragm or
other suitable type, the same being operated by
. bellows units 11, as will hereafter be described.

Immediately beyond the refrigerating coils is
another pair of transverse headers 18, 18, one
near the top and the other near the bottom of

50
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the casing, the same being connected at intervals
across the casing by vertical pipes or risers 19
having spray heads {9 mounted at intervals
therealong and directed toward the refrigerated
coils 11, The top header is also provided with.
Spray heads 182 located between the risers and
directed in a downwardly direction. A branch
supply pipe 20 leads from the main supply pipe
14, and located in this branch pipe is a three-

way valve 21, also operated and controlled by a
bellows unit 22 A second branch pipe 23 from

-the three-way valve 21 enters the casing and

enipties into a shallow receptacle or pan 24 in
the bottom of the casing and extending heneath
the area within the range of the spray heads.

.'This receptacle collects the water discharged

from the several sets of spray heads, and the
water therein is recirculated through a return
pipe 25 leading from the receptacle to the suction
side of the pump 5.

Beyond the bank of vertical spra.y pipes’ 19 is

the air cleaning element consisting of a vertical

bank 26 of zig-zag plates spaced at short dis-
tances apart and thus' forming a multiplicity of
circuitous passages through which the air is
drawn. - The surface of this bank of plates is

continually sprayed with water which is supplied |

through a header 27 extending across the upper

portion of the casing, and provided with a series
.of nozzles 2T* which direct streams of water into

the passages between tne plates. This header is
also supplied with water from the pump through
a branch pipe 28 from the main supply pipe 4.

The function of the air-cleaning element is to

remove the impurities from the air, such as par-

ticles of dust and dirt which impinge against the

- wet surface of the zig-zag plates and are retained

and eventually washed down into the receptacle

- below. The air cleaner is not essentially a part of

40
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the dehumidifying apparatus, and therefore func-

tions continuously and. steadlly Whﬂe the system
1s In operation.

Referring now to the control mechanism, it will

be observed that the supply of water to the spray :

heads is controlled by the valves {8, and they in
turn by the bellows IT and 22, the same being of
any suitable type and design operating by varia-
tions of air pressure to open and close the valves.

The air pressure to these bellows units is supplied

through an arrangement of piping connected
with a suitable compressor unit whereby a pres-
sure of, say 15 pounds is maintained. Thus a
main air supply pipe 30 is connected in paralle}
with all of the bellows units 17 and 22 through
short branch pipes 30#, so that all of them operate
in unison to increase or decrease the supply of
water admitted through their respective valves to
the several spray heads.

The air pressure in the pipe 30 leading to the
Pressure-controlled valves is thermostatically
controlled by the following arrangement of
thermostats and connecting air pipes: Since it is
the purpose to regulate the temperature of the
alr primarily by that in the auditorium, a ther-
mostat 31 is located in the return air duct 3

“from the auditorium, it being manifest that the

air being returned from the auditorium is the
same as that in the auditorium. In other words,

- the thermostat 31 may be located either in the

70

~ -perature-responsive element operating a valve

76

auditorium or in -the return duct therefrom.
This thermostat is of any standard type, as are
all those used in the system, consisting of a tem-

which in turn controls the air admitied to a feed
pipe 32 under pressure from its source. Now this

2,128,742

feed pipe 32 in my preferred arrangement does
not connect directly with the pipe 30 leading to
the bellows-operated valves 16, but rather is con-
nected indirectly through a thermostat 33 located
in the discharge duct 8 leading to the auditorium
and therefore on the opposite side of the dehu-
midifying apparatus. Adjacent the thermostat
33 is another thermostat 34 having a tempera-
ture-responsive element which is the equivalent
of a dry bulb thermometer and thus registers the
actual temperature, whereas the heat-responsive

10

element of the thermostat 33 is the equivalent of

a wet bulb thermometer which registers a slight-

ly lower temperature, depending on the relative
humidity of the air. Thus between the wet and

~dry bulb temperatures there is a differential of

several degrees, which increases with decrease in
relative humidity and vice versa. Thus, as long
as a certain differential is maintained between
the wet and dry bulb temperatures, the air dis-

charged will have a certain relative humidity pre-

determined as conducive to maximum comfort in
the room being supplied.

Now, bearing in mind that a change in th
volume of spray water discharged into the de-

- humidifier will influence both the temperature

and relative humidity of the air discharged, it
follows that to maintain a constant relative hu-
midity, the volume of the spray water must be
controlled by both the thermostat 31 in the return
air passage and also by the wet bulb thermostat

33 in the discharge duct.

Thus as shown in Figure 1, the wet bulb ther-
mostat 33 directly controls the air pressure in
pipe 30 leading to the bellows-actuated-valves 11
in the water supply pipes 13, while the thermostat
31 in the return air duct acts in an auxiliary ca-

pacity and in conjunction with the dry bulb ther-
‘mostat 34 to govern the action of thermostat 33
by altering its normal setting as heremafter set

forth.
Now the wet bulb thermostat 33 may be con-

Sidered as consisting of a bellows or other pneu-

matically~-expansible unit which is operatlvely
connected with a valve controlling the air pres-
sure admitted .to the pipe 30 through an air sup-
ply pipe 35, the bellows being so arranged as to
admit air to regulate the valves {6 on the water
supply pipes as long as the temperature of the
conditioned 'air conforms to the setting of the
wet bulb thermostat. It will be noted, however,
that the pipe 32 from the thermostat 31 in the
return duct 3 leads to the wet bulb thermostat
and admits air under pressure to oppose the ac-
tion of the bellows at the normal operating tem-

- perature, and similarly that a pipe 36 from the
dry bulb thermostat 34 is connected in parallel

with the pipe 32 from the thermostat 31, and
likewise acts to pass or admit air under pres-

sure to counter-balance or augment the air pres-

sure from thermostat 31. Thus it will appear
that the control of the spray water is through the

‘medium of the three thermostats 31, 33, and 34

acting in conjunction with each other. |
As already pointed out, the wet bulb thermo-
stat 33 'is In immediate control of the valves to

the water sprays, but its operation is controlled

by the other two thermostats acting together or
~ singly, depending on the difference in the tem-

perature of the air in the auditorium and that
being supplied thereto.

Explaining the operation of the system with
its temperature and humidity control, it is mani-

fest that as the air is drawn into the casing |

through the fresh air and 1eturn passages 2 and
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2, the warm air at, say, 75° being tempered by the
fresh dir and the entire volume of incoming air
passing through the refrigerating coils and there-
by cooled. Now {the amount of heat transfer-
ence or cooling of the air is regulated by the

-volume of water that is being sprayed, and fur-

ther by the actual contact between the air and
the water in finely divided form, this cooling

~ effect varying directly as the volume of wafter

sprayed from the headers 2, as well as that
sprayed laterally from the vertical risers 19.

The cooling of the air also results in g reduc-

tion of the moisture content as a porticn is con-
densed, so that as the air leaves the dehumidifier
it is at a lower temperature and has a lower
moisture content than when it entered.

In this connection it is important to bring out
the distinction between cocling the air and the
dehumidification of the air by the water or any
other cooling medium. In the first place, the air
will be cooled whenever the temperatiure of the
water cooling medium is lower than that of the
air, while the amount of cooilng, i. e., the heat
extracted from the air will be proportional to the

53 area of the cooling medium available for contact

with the air, which in the present disclosure is
represented by the volume of water that is be-
ing sprayed into the chamber at any giver mo-
ment. Dehumidification on the other hand is
the removal of moisture from the zir by con-

“densation, and involves the cooling of the air be-

low its saturation temperature. Thus while cool-
ing and dehumidifying both involve an inter-
change of heat, the latter brings in another fac-
tor, namely, the saturation or dew point of the

- air, that is, the temperature at which the air is

saturated with moisture. As a consequence,

- therefore, the air may be treated without alter-

10

ing its temperature or ifs relative humidity, or

it can be reduced to a saturation point. of any

predetermined temperature, and further can be
conditioned and delivered in any desired rela-
tionship between the dry bulb, the wet bulb and
saturation temperatures, by the setting of the
several thermostatic devices, so that the air on
being discharged into the room will, when mixed
with the air already in the room, produce the de-
sired degree of comfort.

Thus it will be seen that if the air is to be dis-
charged into the room at the temperature to be
determined by that existing in the room of say,
'756° (which is the setting of the thermostat 30),
and at the same time {0 be maintained at a con-

stant relative humidity, the difference bhetween

the temperatures of the wet and dry bulb ther-

- mostats 33 and 34 must be kept practically con-

60
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stant. Accordingly, if it is assumed that the
wet bulb thermostat is set al 65° and the dry
bulb thermostat at 70°, the condition of the air
entering the system may vary, so that the dry
bulb temperature rises to say, 73°. This increase
would actuate the dry buib thermostat so as to
admit air pressure through the pipe 86 to the
wet bulb thermostat and thus increase the tem-
verature setting thereof t0 68°, or 3° higher than
normal, in order to miaintain the same differen-

tial and therefore the same relative humidity

in the air discharged into the room. In other
words, the wet bulb thermostat would not func-
tion to vary the volume of spray water until
the wet bulb temperature reached 68° instead of
65°. But the air at 73° is too high to maintain

the room at & normal temperature of 75°, so con-
sequently the temperature of the return air

would be increased and the thermostat 31 would

. ber.

8

'a,ccordinglir operate to vary the setting of the

wet bulb thermostat, so that the actual or net
change in the volume of spray water iIs an in-
crease in such amount as to lower the dry bulb

temperature of the discharged air and yet main--

tain the air at the given relative humidity. In
short, the three thermostats counteract each
other’s action in such a way as to maintain a
balanced condition of temperature and relative
humidity in the system at all times, this being
accomplished entirely by regulating the amount
of water spray and consequently the cnoling ef-
fect on the air.

From the foregoing, 11: will be seen that the.

thermostat 3{ is the instrument in primary con-

trol of the system, since it responds to tempera-

ture .changes in the auditorium, and in so doing

ogoverns the setting of wet bulb thermostat 33

which in turn directly controls the water sup-
ply to the spray head in the dehumidifying cham-
Thus, for example, assuming a condition
of 909 occupancy of the auditorium at a tem-
perature of 75°, a further increase in occupancy
would be accompanied with an increase in tem-
perature due to greater bodily heat given off.
Now, thermostat 31 would react to this rise in
temperature and would pass air pressure through
pipe 32 to thermostat 33 to change its normal
setting from 65° to 68° as before stated, with the

result that more water would be supplied to the

=t
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sprays to increase the cooling effect and thus

lower the temperature of the air, at the same
time dehumidifying more of the air. This air

is then discharged into the auditorium to com-

pensate for the rise in temperature therein.

Thus it will be seen that the action of ther-

mostat 31 on thermostat 33 is to increase or de-
crease its normal setting, and assuming the dry
bulb temperature remained the same, it follows
that the differential would vary with tempera-
ture changes in the auditorium. But the objects
sought is to keep the differential constant and
this is the function of the dry bulb thermostat
24. If this thermostat 34 is set at 70° as in the
example given, an increase in the wet bulb tem-
perature to 68° means a lesser differential, and
consequently a more humid condition of the air,
for the less the differential the more nearly the

air approaches a saturated condition. But the
dry bulb thermostats automatically correct this .
- condition by passing air from pipe 3% and
through pipe 36 connected with pipe 32 leading

from thermostat 31, to control the effect of the
Iatter on the setting of the wet bulb thermostat
33, so that the differential remains constant,

‘although the limits of the wet and dry bulb tem-

peratures may vary. In short, the purpose of the
wet and dry bulb thermostats 33 and 34 essen-
tially act as a check on the thermostat 3{ to in-
sure against the delivery of saturated air - into
the auditorium.

It may be explained at this point that for some

- types of installations the percentage of moisture

in the air is not an important factor, and there-
fore the wet and dry bulb thermostats may be

omitted and the volume of water spray controlled
entirely by the .thermostat 3f in the room or
return air duct. In other words, the air pipe
32 from thermostat 3! would be connected di-
rectly with the pipe 30 and thus control the
operation of the spray water valves 16 direct.

- 'While this is a simpler arrangement, it never-
theless embodies the same principle of con-
trol, namely, that of regulating the temperature
in the room by controlling the volume of water
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'supplied to the dehumidiﬁer from a thermostat

located in the room or in the return air duct
from the room.

'To complete the system requires the automatic

control of the dampers 9 and 10 in the fresh air
and return air passages 2 and 3 to the casing |,

this being accomplished by means of thermostats
37 and 38 located in the two passages respectively.
These thermostats control air-actuated bellows

units 39 and 40, connected with the dampers in
their respective air passages, and are set to func-
tion throughout a given range of temperature.
Thus if the outside temperature falls, the thermo-
statically-controlled unit 38 closes the damper 8
in the fresh air intake passage and the unit 40
opens the damper {0 in the return air passage, so
that a greater proportion of the warm inside air
to cold outside air enters the dehumidifier. This
part of the apparatus, however, is.commonly used
and therefore is disclosed only for the purpose of
showing the complete system.

Having set forth a preferred embodiment of my
invention,

I claim:
1. In an air conditioning apparatus, the combi-

nation of a casing through which the air to be

conditioned is circulated, cooling coils mounted in
sald casing, means for spraying water including a
supply pipe, a pressure-actuated valve in said sup-
ply pipe, a thermostat responsive to the tempera-
ture in the room to which the conditioned air is
dehvered and a thermostat responsive to the wet
bulb temperature of air discharged from said cas-
ing, said thermostats being inter-connected to
regulate said water supply valve and thereby con-
trol the temperature and relative humidity of the
discharged air according to the temperatire con-
ditions in the room.

2. In an air conditioning apparatus, the combi-
nation of a casing through which the air to be

‘conditioned is circulated, cooling coils mounted in

said casing, means for spraying water including
a supply pipe, a pressure-actuated valve in said
supply pipe, a pair of thermostats located in the
delivery end of the casing, one responsive to the
wet bulb temperature and the other to the dry
bulb temperature of the air delivered to the room

being supplied, and a thermostat responsive to the

temperature in said room, said thermesta.ts acting
in conjunction to control the volume of spray wa-
ter and thereby the relative humidity and tem-
perature of the air delivered to said room.

3. In an air conditioning apparatus, the combi-

nation of a casing through which the air to be con-
ditioned is circulated, cooling coils mounted in said
casing, a circulating spray water system, and
means for automatically controlling the volume of

water sprayed, comprising a pressure-actuated

valve in said supply plpe, a pair of thermostats
located in the delivery end of the casing, one re-
sponsive to the wet bulb temperature and the
other to the dry bulb temperature of the air de-
livered to the room being supplied, and a thermo-

‘stat responsive to the temperature in said room,
‘said wet bulb thermostat directly controlling said

water supply valve and said dry bulb thermostat
and room thermostat acting indirectly to control
the setting of said wet bulb thermostat, whereby
the air is delivered to the room at a constant rela-
tive humidity and at the temperature determined

by said room thermostat.
4. In an air conditioning apparatus, the combi-

nation of a casing through which air to be con-

ditioned is circulated, cooling coils mounted in said
casing, means for spraying water including a sup-

2,123,742 |
ply pipe having a valve therein, pneumatic valve-~

actuating means including an air pressure supply
line, a pair of thermostats located in the delivery
end of said casing, one being normally set to re-
spond to a predetermined wet bulb temperature
and the other to a predetermined dry bulb tem-
perature of the air, thereby establishing a fixed

. temperature differential corresponding to a pre-

determined relative humidity, said wet bulb ther-
mostat directly controlling said air pressure line
to said supply valve-actuating means, and said
dry bulb thermostat having an auxiliary air con-
nection thereby to increase or decrease the setting
thereof with corresponding changes in the dry
bulb temperature, and a thermostat in the room
and also connected with said wet bulb thermostat
by an air pressure line and adapted to indirectly
control the setting thereof by the temperature in
the room.

9. In an air conditioning apparatus, the combi-
nation . of a casing through which air to be con-~
ditioned is circulated, cooling coils mounted in
said casing, means for spraying water including a
supply pipe having a valve therein, pneumatic
valve-actuating means including an air supply
line, a thermostat located in the delivery end of
sald casing for controlling the air pressure in said

air line and reeponewe to the wet bulb tempera-

ture of the air, a thermostat located adjacent said
wet bulb thermostat and responsive to the dry
bulb temperature of the air, said thermostats be-
ing normally set to a predetermined temperature
differential corresponding to a desired relative
humidity, said dry bulb thermostat being con-
nected by an auxiliary air pressure line to said

- wet bulb thermostat and operative to increase or

decrease the setting thereof with corresponding
changes in the dry bulb temperature, and a ther-
mostat in the room and also connected with said
wet bulb thermostat by an auxiliary air pressure
line and operative to indirectly control the setting
thereof by the temperature in the room.

6. In an air cend1t1en1ng apparatus, the com-

bination of a casing through which the air to be.

condiitoned is conducted, air cooling means
within said casing including a water spraying
device and water supply pipe, a pressure actuated
valve in said supply pipe, a temperature respon-
sive device on the inlet side of said casing and
co-acting wet and dry temperature responsive
devices on the discharge side of said casing, said
devices being interconnected to control the vol-
ume of water delivered to said spraying device.
7. In an air conditioning apparatus, the com-
bination of a casing through which air to be
conditioned is circulated, air cooling: devices in

said casing comprising cooling coils and water

spraying elements, a water supply pipe connected
with said spraying elements, a valve in said sup-
ply pipe, pressure-regulated means for operating
said valve including interconnected thermostat-

ically actuated devices responsive to the con-

dition of the air entering and leaving said casing
and operating to control the temperature and rel-
ative humidily of the air by the volume of water
sprayed over said coils.

‘8. A method of conditioning air, consisting of
passing all of the air to be conditioned through
a chamber in which a cooling medium is located
and conirolling the temperature and/or relative
humidity of the air by varying the area of said
cooling medium exposed to contact with the air

- through the medium of inter-connected thermo-
stats responsive to .the temperature of the air
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peratures of the air after leaving said chamber.

9. The method of cooling and dehumidifying
a quantity of air which comprises moving the
air through an unobstructed passageway,. suh-
jecting the entire volume of air in such stream
to the action of a cooling medium in the form of

segregated liquid particles in such manner that

some of the air in the stream is cooled to a tem-
perature below its dew point and moisture is con-
densed therefrom while other portions of said air
are cooled to o lesser extent, the total cooling
effect being insufficient to bring the average air
stream temperature down to the saturation value,
and varying the degree of dehumidification ob-

tained by varying the surface area of said segre-.
egted liquid particles while in heat-exchanging |
- for supvlying said sprays with liquid at a tem-

relation with said air stream.

10. The method of cooling and dehumidifying
a quantity of air which comprises propelling the
oir in a -single siream through an unobstructed
passageway,
below the dew point of the air stream acCross
said air stream in the form of a curtain of segre-

gated liquid particles in such manner as to cool

a portion of the air in such stream to a tempera-
ture below its dew point while cooling other por-

projecting a liquid at a temperature ticles, and means for adjusting

tions of said air to a temperature above its dew
point whereby heat is extracted from portions
of said air as latent heat of condensation and
from other portions of said air as sensible heat
and varying the quantity of heat extracted as

latent heat of condensation by adjusting said

sprays to alter the surface area of the liquid par-
ticles in heat-exchanging relation with said air
stream. ) | . .
11. In an air conditioning system, the combi-
nation with the enclosure in which conditioned

=

1(

air is used, of 8 conduit of undivided Cross sec- ..

tion, means for propelling a single stream of air
co-extensive with said conduit through said con-
duit into said enclosure, a series of liguid sprays

15

extending across the top of said conduit, means

perature below the dew point of the air in said
stream, said sprays being designed to discharge
the liquid therefrom in streams of liquid par-

vary the surface area of the liquid particles in
heat-exchanging relation with the air in said
stream to thereby vary the proportion of the air

whose temperature is reduced below its dew point. 25
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said sprays to-

20



	Drawings
	Front Page
	Specification
	Claims

