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o 33 Claims.

This invention relates to air ceﬁd‘iﬁe’nihg | dp? -

paratus and more particularly ' to. such appa-
ratus employing both refngeratmg and evapo-
rative cooling systems.

This application is a contmuatlen-m-pert of
my co-pending application Serial INo. 145,833,
filed February 23, 1950, now abandoned.

The normal summer temperatures in the north-
ern half of the United States seldom exceed 85
degrees Fahrenheit but the relative humidity of
the atmosphere is usually relatively high. Re-
frigerating systems for air conditioning rooms
and buildings are largely employed in this north-
ern half of the United States because of the
ability of these systems to dehumidify as well
as to cool the treated air. Refrigerating sys-
tems, however, are costly to operate since large
amounts of power are needed to compress and
liguefy the refrigerant gas employed in these sys-
tems. Prolonged periods of compressor opera-
tion are made necessary even during perlods
when the outdoor atmospheric temuperature is
as low as 78 to 79 degrees Fahrenheit by the
increase in temperature of the air in the air
conditioned space due to the heat released in the
air conditioned space by human occupants and
lichts and other heat emitting appliances. This
«“human occupancy heat load,” as it is termed
in the industry, necessitates operation of the
compressor even though the outdoor atmospheric
temperature and relative humidity conditions may
be such as to be entirely comfortable to human
beings. Human occupancy of the air conditioned
space not only raises the temverature of the air
within the air conditioned space but also raises
the relative humidity since water vapor is released
by the-human occupants through perspiration
thus increasing their discomfort. The operation

of a refrigeration system is uneconomical during
periods when the outdoor atmospheric conditions
are comfortable to human beings. The “human
occupancy heat load” can be more economically
removed by moving fresh air from the outdoors
into the air conditioned space and expelling out-
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" the outdoor air can be eccomphshed Very eco-.

10

nomically by evemeratwe cooling. T e e
Control of the temperature and hum1d1ty in-
the conditioned space by evaporative ceelmg a,nd
continuous exchange of air within the air-con-
ditioned space is feasible only during permds

“when the dry bulb temperature of the outside alr

is about 86 degrees Fahrenheit or less and the
wet bulb temperature is about 79 degrees Fahren-
heit or less. When these atmospheric conditions

"~ do not obtain a refrigerating system 'is needed

15

20

to cool the air within the air conditioned space.
It is desirable, therefore, for economical and
satisfactory operation of an air conditioning ap-
paratus that it provide a refrigerating system for

- use when outdoor temperatures are above 85 de-

srees Fahrenheit and an evaporative cooling sys-
tem for use when outdoor temperatures are 85
deerees or lower. By using air conditioning sys-
tems having both systems, the periods of costly.

.- operation of the refrigerating system are greatly

reduced since it opérates only during the rela-
tively few and short periods when the dry bulb’
temperature of the outdoor air exceeds 85 de-
crees Fahrenheit or the wet bulb temperature
exceeds 79 degrees Fahrenheit. The air condi-
tioning apparatus must also be capable of con-

" tinuously displacing a greater volume of air dur-
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doors the air which has been heated and humidi-

fied by the human occupants of the space. The
temperature of the outdoor air may have to be
1owered 3 relatively small degree to allow for the
gradual warming of the air in its passage through

o0

the air conditioned space due to the heat emitted °

by the human occupants and heat emitting ap-
pliances so that the temperature of the air In
no part of the air conditioned space will exceed
a predetermined value, This small cooling o1

515

ine the time the evaporative cooling system is
in operation than is necesasry during the time
the refrigerating system is in operation. More-
over, in order to meet the needs of varying in-
ternal and external conditions the controls of
the air ¢onditioning apparatus should provide for
automatic changeover from operation of one sys-
tem to operation of the other system upon a pre-
determined ¢hange in internal and external con-
ditions as well as for seIectlve chelce ef 0per&-
tion of either system | -

Accordingly, it is ah object of my mventlon
to provide a new and 1mpr0ved air cond1t1011mg
apparatus.

It is another object of my invention to promde
a new and improved air conditioning apparatus

having a refrigerating system for conditioning
air when the outdoor air temperature exceeds a

predetermined value and an evaporative cooling
system for conditioning air when the outdoor tem-
perature is less than a predetermined value.
It is _a,nother object of my invention to provide
a new and improved air conditioning apparatus
having a refrigerating system including an evap-
orative condenser provided with a blower and
water spray system and having an . evaporative
cooling system employmg the blewer and water
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spray system of the evaporative condenser of
the reirigerating system.

It is another object of my invention fo pro-
vide a new and improved air conditioning ap-
paratus having a refrigerating system, and an
evaporative cooling system, and being provided
with means for automatically operating the re-

frigerating: system:: when the outdoor .air..tems-,

2,628,480

perature -exceeds a predetermined value and for -

automatically operating the evaporative cooling

system when the temperature falls below a pre-

determined value.

10

It is another object of my invention-to pr_o;-_-;.

vide a new and improved air conditioning appa-

ratus provided with a refrigerating system and an

evaporative cooling system and with_controls for

automatic changeover from operation-of one sys---

19

tem to operation of the ofher system upon pre-.

determined changes in internal and external con-

It is still another. object. of my invention fto.

provide a new and improved air conditioning ap-

20

paratus provided with a refrigerating system and.

-~ an.evaporative cooling system and with controls
for.selective choice of operation of either system.

It .is: another .object of the invention to pro-
vide a new and improved air conditioning appa-<.

ratus having a .refrigerating system for condi-

tioning .air when. the outdoor temperature ex-<
ceeds.a predetermined value and a system for

increasing the volume of flow of air from the out-
door atmosphere when the outdoor temperature
is.less .than the predetermined. value.

Briefly stated, my new and improved air con-

system._and an evaporative cooling system. The

refrigerating system is provided with a compres~

sor for compressing a refrigerant gas, an evapo-
rative condenser coil in which the compressed gas
is.cooled and liquefied, a spray system for cooling
the evaporative condenser coil by spraying water
on.the coil, a condenser blower for moving air
past the evaporative condenser coil and removing
to the outdoors the heat released by the refrig-

erant gas in cooling and liquefying the refriger-

ant, a cooling coil in which the liquefied gas is
allowed to evaporate and expand, and a condi-
tioner blower for moving recirculated and fresh
outdoor air past the cooling coil to be cooled and

dehumidified by the absorption of heat by the .

refrigerant gas and into the air conditioned space.
The evaporative cooling system employs the spray
system and the condenser blower associated with
the evaporative condenser coil and includes a duct
to move air cooled by evaporation of the spray
to the conditioned air space and a damper which
- selectively directs ‘the flow of the air past the
spray to the air conditioned space or to the out-
doors. In operation _the refrigerating system is
employed when the outdoor temperature exceeds
a predetermined value and the damper is posi-
tioned to direct the air moved past the spray to
the outdoors. The only air entering the air con-
ditioned space is moved past the cooling coil by
the -conditioner -blower.-. The latter-air may be
partly recirculated air or may be wholly fresh
air moved from the outdoors.: |

During this period the compressor operates as

needed. When the temperature falls below a pre-
determined- value, the compressor is maintained
inoperative but the conditioner blower remains in
operation to move air from the outdoors into the
air-conditioned space. The condenser blower as-
sociated with the evaporative condenser coil is
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also'maintained- in operation-and moves air from 75

4

the outdoors through the water spray where its
temperature is lowered by evaporative cooling
and into the air conditioned space, the damper
being moved to direct the flow of air from the
outdoors to the air conditioned space. During the
operation of the evaporative cooling system all
blowers may move air from the outdoors and into
the air conditioned space moving a great volume
of air through the air conditioned room: to re-
move the human occupancy emitted heat. Only
a- portion of the air is cooled since the air moved
by the cooling coil blowers is not cooled, the com-
pressor being -inactive. Controls are provided
for automatically controliing the operaiion of all
dampers, compressors, and motors of the air con~
ditioning apparatus to insure that the refriger-
ating system: operates when the temperature cf
the.outdoor air exceeds a  predetermined value
and that the evaporative cooling system operates
when the temperature falls below a predetermined
vahue.: R |

In-a modified form:of the invention,-all of the-
air -moved by the conditioner blower is drawi-
from the conditioned space. In this case;, the
inflow of outdoor air through doors or windows
into the conditioned space is relied upon to pro-
vide the proper proportion of fresh air to recir-
culated air during normasal operation -of the re-
frigerating system. When: the outdoor tempera-
ture’ does not -exceed-the :predetermined - value,
the condenser blower-is employed, as in-the first-
described embodiment, - to -increase -the -rate  of
flow of cutdoor air into the conditioned space.-

For a better understanding of my -invention;
reference may “be -had to the following descrip-
tion taken in connection with the accompanying
drawing, and its-scope will -be pointed -cut in the
appended claims.:

In the drawing

Figure 1 is a schematic diagram of. the air con-
ditioning - apparatus- with - all - electric - circuits
omitted; - | |

Figure 2 is -a-diagrammatic perspective of the
alr. conditioning -apparatus -of Figure -1 installed
for operation and with: all electrie. circuits
omitted; |

Figure 3 is a diagrammatic illustration of the
control circuits of the air conditioning apparatus
of Figures 1 and 2; and,

Figure 4 is g schematic diagram of a modified
form of the air conditioning apparatus: and,

Figure 5 is a perspective view -of a building,
with the top removed and some .walls broken
away, provided with another modified form of
the .air conditioning apparatus.

Referring now especially to Figure 1, the prin-
ciple of operation of a . preferred . embodiment
of my invention is disclosed as employed to main-

‘tain comfortable temperature and humidity con-

ditlons in the conditioned space {8 which may be
a room, a series of rooms, or an entire building.
1The air conditioning apparatus comprises a re-

frigerating system and an evaporative cooling
system. o

Refrigerating system

The refrigerating system comprises g, cooling
section 11, a compressor section 12, and an evapo-
rative condenser section 13 as in conventional
refrigerating systems. Air is forced into the space
10 by a blower {4 operated by a prime mover, such
as an electric motor i{5. The air is drawn through
& duct 16 in which is disposed a cooling coil 17
which is maintained at a low temperature by the
evaporation of a refrigerating gas, such as am-
monia or ¥reon. Heat is absorbed by the refrig-
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5,
eratmg oas from the air drawn past the cooling
coil T and the temperature of the air foreced into
space 10 is lowered. A cerfain amount oi the
water vapor contained in the air is condensed cn
cooling coil {7 and drains into drain pan (8. ke~
moval of this water vapor dehumidifies the air
forced into space 10 and renders air condl-
tions more comfortable for human occupants of
space 6,

The evaporated refrigerating gas is compressed
by the compressor {9 which is driven by a prime
mover, such as an electric motor 28. The com-
pressed refrigerant gas then moves to the con-
denser coil 21 where the heat of compression and

the latent heat of condensation are removed by

evaporative cooling and the refrigerant gas IS
liquefied. Condenser coil 214. is disposed in an
air duct 22 and is cooled by the evaporation of

10

water sprayed over coil 2{ by a water pump 23

through a spraying means, such as a spray pipe

24. Air is moved from the outdoors 2% past com-

pressor 19, compressor motor 23, and condenser
coil 21 to remove the heat emitted by moctor 20,

compressor 18, and the heat of compression and

condensation of the refrigerating gas in con-
denser coil 2§. After moving past condenser coil
21, the air is humid as well as warm since g por-
tmn of the water sprayed over condenser coil 21
is evaporated upon coming in contact with the
warm condenser coil 2{. The air is moved
through duct 22 and oub into the outdoors 23
through an air duct 26 by condenser blower 21
driven by a prime mover, such as an electric 1mo-
tor 28 Electric motor 28 also drives water pump
23 which pumps water from pan 29 which coliects
the water sprayed by spray pipe 24 which has
not been evaporated. Water may be supplied to
pan 2§ by any conventional means, not showil,
so that water will always be presen! in pan 28.

It will be apparent that heat is extracted by
the evaporating refrigerant gas in cooling coil £
from the air moving through air duct 6 into
space {0, the refrigerating gas then being com-
pressed by compressor {8 and liqueiied in coli-
denser coil 21. The heat extracted by the evap-
orating refrigerant gas in cooling coil T 1s re-
leased by the refrigerant gas in condenser coil
21 to the air moving past condenser coil 24 and 1s
passed to the outdoors with the air moving
through duct 26. The degree of cooling of the
oir moving through duct 18 depends on the
amount of refricerating gas allowed to evaporate
in cooling coil {7 per unit of time and this de-

pends in turn on the amount of the liquefied re-

frigerating gas allowed to flow from condenser
coil 2§ to the expansion valve 33 where the lique-
fied refrigerant gas evaporates, cools in evaporat-
ing, and passes into the cooling coll 7. In order
to maintain g predetermined temperature in
space {8, the flow of ligquefied refrigerating gas
to eXpansmn valve 38 is controlled by a conven-

tional solenoid valve 3{ which is controlled by &

thermostat 32 located in space 8. If the tem-
perature of the space {8 tends to rise, thermostat
32 will cause solenoid valve 31 to allow more lig-
uefied refrigerant gas to pass to expansicn valve
30, more heat will be absorbed from the air pass-
ing through duct {8, and the temperature of the
air in space 19 will be lowered.

Operation of compressor motor 20 is cantmlled
by a low pressure switch 33 and a high pressure
switch 34 for automatically maintaining proper
refrigerating gas pressures in cooling coil i and
condenser coil 21. Compressocr motor 20 1is

started automatically whenever the pressure ol
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the refrigerant gas in cooling coil 17T exceeds &
predetermined value and is stopped whenever the
pressure in the cooling coil 17 falls below a pre-.
determined value or whenever the pressure of the
refrigerant gas in condenser coil 21 exceeds a cer--
tain predetermined value. Switches 33 and 34
insure that a sufficient amount of the refrigerant
gas is always in a liquid state and also prevent
the building up of an excessively high pressure
in condenser coil 21 and an excessively high or
excessively low pressure in cooling coil 117. |

As shown in Figures 1 and 2, all the air moved
past cooling coil 17 may be drawn from the out-
doors 25 through ducts 35 and 35« or part of the
air may be moved from the outdoors 25 through
duct 85 and part of the air may be moved from
space 10 through duct 36. The position of re-
circulation damper 37 determines whether  only
fresh air from the outdoors is moved info space
19 or whether g portion of the air in space-10
is recirculated through duct 36. In the position
of recirculation damper 37 shown in Figures 1
and 2, both fresh air and recirculated air is being
moved into space 19. A damper 3Ta provided
with a handle 37b may be provided in duct 3%a
to close duct 35¢ when no fresh air and only re-
circulated air is to be moved into space 10. This
may be desired when the outdoor air ig intensely
hot to avoid excessive operation of the refrigerat-
ing system. Damper 37 is moved by any suitable
prime mover such as electric damper motor 38
which mav be linked to damper 37 in any con-
ventional manner such as the sprocket and cham
means 28¢ illustrated in Figure 2.

It will be noted that duct 36 is roughly four
times the size of duct 35 in cross section. This
disparity in size causes the air moved by condi-
tioner blower {4 to be about 80 percent recircu-
lated air and about 20 percent fresh gir when
damper 37 is positioned to allow a minimum of
fresh air to be moved into space 10. This ratio
of recirculated air to fresh air is usually employed
in operation of refrigerating systems for air con-
ditioning.

Evaporative cooling system

The evaporative ccoling system of my air con-
ditioning apparatus makes use of air duct 22,
water pump 23 and spray pipe 24, condenser
blower 21, and motor 28 of the refrigerating sys-
tem. If the condenser coil 21 is not heated by
the action of the refrigerating gas compressed by
compressor 19, air moved by condenser blower 27T
through the water spray caused by spray pipe 23
is cooled by the evaporation of the sprayed water
since the evaporating water absorbs heat from the
air. In order to move the air cooled by the wag-
ter spray produced by spray pipe 24 into space 10,
I provide a condenser damper 392 and an air duet
48 communicating with space (0 and also with
duct 22, when damper 39 is moved to the broken
line position 4{ of Figure 1. Condenser damper
39 is actuated by any suitable prime mover such
as electric damper motor €2 and is linked to motor
42 by any conventional means, such as the
sprocket and chain means £2¢. Damper motors
38 and 42 are of the geared-~-down type conven-
tionally employed for this purpose and will move
their respective dampers 37 and 392 in either di-
rection depending on the manner in which their
controls are operated. Damper motors 38 and
42 will move the dampers 37T and 389 until the
dampers are stopped by obstructions such as stops
42b. Condenser damper 39 is actuated by any
suitable prime mover, such as electric damper
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motor: 42-and is:linked -to motor 42 by any con-
ventional means.-such as the sprocket and chain
means 224. |

In operation of the air conditiconing apparatus,
it:is desirable that the refrigerating system func-
tionr.only when the dry bulb temperature of the
outdoor air exceeds a predetermined value, say
- 85.degrees ‘Fahrenheit., It is alsoc desirable that
it function.even when the dry bulbk temperature
is 8b degrees or less -if the wet bulb .temperature
of the outside air, which . is an indication of the
humid condition of  the: air, exceeds a certain
predetermined value, say 79 degrees Fahrenheit.
Thermostats 43 and 48a responsive to dry Bulb
temperature. and a thermostat &4 responsive to
wet: bulb temperature -are positioned to measure
the outside dry and wet bulb temperatures.
Thermostats 32, 43, 44, 48a and 45a are employed
Yo -control automatically the operation oi the air
conditioning apparatus and a detailed. descrip-
tion of. their associated controls will ke given
later.. | |

If it is desired to maintain a temperature of 75
degrees - in space ¢ and the outside temperature
is below 75 degrees, it is not necessary to cool the
air introduced into. space i0 but a certaiin cir-
culation of air is necessary to maintain comiort-
- able conditions within space 8. A selector switch
45 may be employed to cause only conditicner
motor {5 to run. Since the temperature ¢f thie
outdoor. air is below 75 degrees, a maximum of
recirculated air and a minimum of the cold out-
door air must be moved through air duect i6. The

10
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automatic control associated with thermostat £4a

causes damper motor 28 to move recirculation
damper 37 to the position shown in Figure 1.
When the dry bulb temperature of the outside
air is higher than 75 degrees but not higher than
85 degrees Fahrenheit and its wet bulb tempera-
ture is.less.than 79 degrees, the evaporative ¢ool-
- ing. .system is. placed in operation by the autoc-
matic controls.. Damper motors 38 and £4Z move
dampers 37 and 39 into the broken line positions
46 and 41, respectively, and moctors {5 and 28 are
energized. No recirculated air is allowed to move
through air duct 36, fresh outdoor air only mov-
ing through ducts (6 and 40 into space 18. Bince
compressor motor 280 is not energized, the air
moving through duct {6 is not cooled. The only
cooling taking place is by evaporation cf water in
air duct 22. During this phase of the operation
of the air conditioning apparatus, a maximum
-volume of .air is moved into and through space i0
since.both blowers 14 and 27 are moving alr Invo
space 0. | |
 When the outdoor dry. bulb temperaturs ex-
ceeds 85 degrees or the wet bulb temperature ex-
ceeds. 79 degrees the refrigerating system Is au-
tomatically brought into operation. Comupressor
motor 20 is energized and compressor 13 begins
to .compress the refrigerant gas, the cooling coil
i1 therefore causes the air moving through air
duct 16 to be cooled.. A} the same time damper
motors 38 and 42 are energized and move campers
37 and 39, respectively, to the solid line positions
illustrated in Figure 1. A maxXimum amount of
air is recirculated through air duct 36 and the
air moved by blower 27 is moved outdoors
through duct 26, this air now being warm and
moist due to the heat i{ has absorbed in passing
past condenser coil 2i. Thermostat 32 now con-
trols solenoid valve 3! to control the degree 10
which - the :air flowing - through air- duct 6§ 1s
cooled, |
If the dry-bulb temperature of the outdoor air
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now- falls-below 85. degrees -while. the wet. bulb.
temperature is lower than 79 degrees, motor 20
is deenergized and motors 38 and 42 are ener-
gized to move dampers 37 and 39 to the dashed
line positions £6 and 41, respectively, the ener-
gization of the damper motor: 42 is delayed. . by.
the action of thermostat 4%q¢, however, to allow.
the water in pan 29 to cool to 79 degrees to avoid.
blowing warm humid air into air space 18. The
automatic controls to- be described below also
stop motor 28 every time damper 39 is to be moved
since condenser blower 27 moves. g large volume of
alr at a great speed. Damper motor 42 would
have to be quite large and. powerful to move
damper.-39 against the blast of air caused by. con-
denser blower 21. To.avoid use of a large damper
motor 42 and to preclude.damage to damper. 39,
condenser blower.27.is stopped each time damper.
39 ig moved.

Figure 2 illustrates diagrammatically an actual
installation of the air conditioning apparatus il-
lustrated schematically in Figure 1. 'The appa-
ratus is located in a. small room 47 adjacent air
conditioned space 18, Air ducts 35, 35a and 26
lead directly to the outdoors. Duct 28 is so lo-
cated that the air it discharges cannot find its
way into gir ducts 35 and 35¢ since the air dis-
charged by duct 26 is warmer and more humid
than the outdoor air. Fresh air is brought in
through ducts 85 and 35¢ and flows through the
cooling coil (7, through conditioner blower (4,
here shown as discharging into duct 48 which
leads into space 8. The path of flow of the fresh
alr is indicated by lines 50, 51, and 52. The re-
circulated air flows through duct 36, cooling coil
{7, conditioner blower {4, and duct 48. 'The path

- of flow of the recirculated air is indicated by lines

&3, 84 and §5. The combined flow of fresh and
recirculated air is indicated by lines 58§ and 517.
'The air employed to cool the condenser coil 21
when the refrigerating system is in oneration
fiows in through a window 58 or other aperture
in room 47, and moves through griil 59 of the air
conditioning gpparatus past compressor {9, com-
pressor motor 28, condenser coil 21, spray pipe
24, through condenser blower 27, and to the out-
doors through duct 268. 'The path of flow of thig
air is indicated by line 60. When the evapora-
tive cooling system is in opseration, this air fol-
lows the same path except that condenser damper
39 blocks duct 26 and allows the sir to flow
through duct 40 into space 1{0.

Automatic. control system

In order to obtain maximum efficiency of oper-
atlion of my air conditioning apparatus under
varying conditions.of - temperature .and humidity
I have provided an automatic. control system to
operate the various components of my apparatus.

The conditioner motor 15, the compressor
motor 29, and the condenser motor 28 are con-
nected in paraillel across a four wire three phase
Supply circuit having leads 6§, 62, 63 and a neu-
tral lead G64. Starting contactors 65, 66, and §7
are provided for motors 15, 20 ang 28 respec-
tively.

Contactor 65 comprises contacts 68, 69 and 16
which connect motor 15 to leads 63, 81 and 62,
respectively when the actuating coil 71 of con-
tactor 63 is energized to start motor 15. An
auxiliary contact 72, whose function will be .de-
scribed below, is also actuated simultaneously
with contacts 68, 69 and 10 when actuating coil
11 is energized. Contactor 65 is provided with a

conventional thermail. overload relay which com-
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prises heater coils 73 and 74 connected in series

with contacts 88 and 79 respectively, when the
latter are in their actuated positions. The heater
coils 12 and 74 allow the thermal overload con-
tact 15 to open the circuit of actuating coil 71
when excessive currents are drawn by conditioner
motor £5. Since the contact 15 opens the circuit
of coil 71, coil 7! is deenergized and contacts €8,

69 and 78 return to the non-actuated positions
illustrated in Figure 3 and contitioner motor 19
1s stopped.

- Contactor 87 similarly comprises three con-
tacts 771, 18 and 79 which connect condenser
motor 28 to leads 63, 61 and 62, respectively when
the actuating coil 88 is energized to start motor
28. An auxiliary contact 8f, whose function will
be described below, is also actuated simuitane-

ously with contacts 77, 78 and 72 when actuating

coil 80 is energized. Contactor 6T is also pro-
vided with a conventional thermal overload relay
comprising heater coils 82 angd '83 connected In
series with contacts 78 and 19, respectively, when
the latter are in their actuated positicns. Heater
coils 82 and 83 operate thermal overload contacs
84 to open the circuit of actuating coil 89 and
stop condenser motor 28 when condenser motor
28 draws currents of overload Intensity.
Contactor §6 similarly comprises three contacts

85, 86 and 87 which connect compressor motor 28
to leads 63, 61 and B2 respectively, when the

actuating coil 88 is energized to start compressor
motor 208. An auxiliary contact €9, whose func-
tion will be described below, is also actuated
simultaneously with contacts 85 86 and 87 when
actuating coil 88 is energized. Contactor 88 is
also provided with a conventional thermal over-
load relay comprising heater coils 89 and 81, con-
nected in series with contacts 86 and 81, respec-
tively, when the latter are in their actuated posi-
tions. Heater coils 86 and 87 operate thermal
overload contact 83 to open the circuit of actuat-
ing coil 88 and stop compressor motor 20 when
compressor motor 28 begins to draw current of
overload value.

In order to provide automatic operation of the
air conditioning apparatus, I provide thermostats
a2, 23 and 44a which are responsive to temper-
atures of air as measured by a dry bulb ther-
mometer and which will be referred to herein-
after as “dry bulb thermostats” to distinguish
them from thermostat 44 which is responsive to
the temperature of air as measured by a wet bulb
- thermometer and which will be referred to here-
inafter as a ‘“wet bulb thermostat.” I also pro-
vide a thermostat 45a located in the water pan 28
and responsive to the temperature of the water
in pan 29. Thermostat 82 is preferably located
at a position in space 19 where it will be exposed
to air having a temperature equal to the average
temperature of the air within space 18, |

It is sometimes desirable to run only the condi-
tioner blower £ to maintain a certain circula-
tion of air within the air conditioned space 10
without cooling any air. At other times it may
be desired to run either solely the.refrigerating
system or the evaporative cooling system of my
apparatus. Lastly, it is usually desirable to op-
erate either the refrigerating system or the evap-
orative cooling system as dictated by the tem-
perature and humidity conditions of the outdoor
air and to have the change from one system fto
the other made automatically.

‘In order to allow a choice to be made of any
of the above four methods of operating the air

conditioning apparatus, I provide a four position
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selector switch 45. When the switch is In posi-
tion A, only the conditioner blower 14 will op~
erate; when in position B, either the refrigerating
system or the evaporatwe cooling system will
operate, the automatic controls dictating  the
choice of the system to operate; when in position
C, solely the evaporative cooling system will func-
tion, and when in position D, solely the refriger-
ating system will function.

A double pole single throw toggle smtch 04 is
located adjacent selector switeh 45 and must be
closed before the air conditioning apparatus will
operate. In addition, a time clock 95 which op-
erates a contact 86 may be used to insure that the
air conditioning apparatus will operate only dur-
ing a stated period of the day, for example be~
tween 8:00 a. m. and 5:00 p. m. During this
period time clock 8% will mainfain contact 96 in
actuated position connecting relay winding 91
across leads 61 and 63 through conductors 99 to
{64. When relay winding 97 is energized it moves

contacts 195 and 106 to their actuated positions
connecting conductors 167 and 108 to conductors
(95 ang 99, respectively.

Conditioner blower only Opemtz'on;

- Assuming now that time clock 89 has moved
contact 86 to actuated position, that as a result
contacts 185 and 166 are in their actuated posi-
tions, and that selector swivch 49 is in A position
to permit the operation only of conditioner blow-
er 14, closing of foggle switch 94 will connect con-
tactor coil T1 across leads 64 and 63 through con-
ductors 162, 118, i1, thermal overload contact
75, conductor 189, contact 105, conductor 107,
blade 112 of toggle switch 94, and conductors 108,
a9, 189, and 101. Since contactor coil 71 is ener-
gized, contacts €8, ©9, 10 and 72 are actuated and

conditioner motor 19 now operates to dmve con—
aitioner blower i4.

It is desirable that a minimum of fresh air be
brought in from the outdoors when the outdoor
temperature is below 75 degrees in order to pre-
vent the air in space {§ from becoming too cold.
Conditioner damper 37T must, therefore, be
brought to the position shown in Figure 1 in order
to allow a maximum of air to be drawn from
space 10 and recirculated through air ducts 36
and (§ back into space [0. Damper motor 38 is
connected across neutral lead 64 and lead 63
through conductors {84, 160, contact 712, and con-
ductors 1{3, 114 and {i5 at the same time motor
15 Is connected across leads 61, 62 and 63.
Damper motor 38 is controlled by conductors 116
and (17 which causes damper 31 to move to the
position shown in Figure 1 when they are short
circuited by contact (18 of thermostat 4da. Since
the thermostat 84a short circuits conductors (16

and 117 when the outdoor temperature is below

75 degrees, damper 37 will always be in the posi-
tion shown in Pigure 1 when the outdoor tem-
perature is below 75 degrees, allowing maximum
recirculation of the air from space () and allow-

ing a minimum of fresh air to be brought mto

space (8 from the outdoors 25.

Al the same time that actuator coil 'H is en-
ergized, the coil {{9 of circuit breaker relay 120
is also energized since it is connected across leads
63 and 61 through conductors {00 and 99, con-
tact 106, conductor {48, blade 121 of switch 94,
conductor 122, the rotary contact 123 of selector
switch 45 and conductor 124. When coil ({9 is
energized, contact 125 disconnects conductors 126

and {27 so that conductors 117 and (16 will not
75

be short circuited when contact 118 of thermo-
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stat 44a connects conductor ti7 to conductor l23
when the temperature of the outdoor air rises
above 75 degrees. Damper 37 therefore will move
to the dashed line p031t10n 46 where is will allow
2 maximum of fresh air to be moved into space
{0 when the temperature is 75 degrees or hlgher

Dammper conirols

- The control circuitg of damper motor 42 are
closely associated with the control circuits of
damper motor 38 and they will be described in
conjunction with the description of damper motor
38. Damper motor 42, like damper motor 38, is
connected across neutral lead 64 and lead 63
when a,ctuatmg coil 7{ is energized. Damper
motor 42 is connected across leads 64 and 63
through conductor 108, contact 72, and con-
ductors 114, 128 and 129. Damper motor 42
is controlled by conductors 127 and 130. Damper
39 is moved to fthe position indicated in Fig-
ure 1 when conductors (27 and {30 are short
circiiited either by the contftact 13{ of damper
position relay 132 or by the contact 133 of ther-
mostat 49a. When the outdoor temperature is
above 75 degrees, contact {18 of therimostat 44a
connects conductor 11T to conductor 126. If at
the same time contact 125 of circuit breaker
relay I20 ig in its non-actuated position, con-
duetors 127 and (26 are also connected. Since
conductors 116 and 130 are permanently con-
nected at common connectlon 134, the control
conductors 116 and (i1, and 127 and {30 of
damper motors 38 and 42 respectively, are con-
hected in parallel. The internal resistance of
each damper motor 38 or 42 being relatively
great, neither acts as a short circuit for the con-
trol conductors of the other. Contacts {31 and
133, therefore, short circuit both control conduc-
tors 116 and {17 and conductors {27 and (30 when
either is moved to its actuated position and both
dampers 37 and 39 are moved to the dashed line
positions 46 and 41, respectively, shown in Fig-
ure 1. In this p051t1on damper 37T will not permit
air to be recirculated from space 18. Damper 39,
when in the posﬂ:wn 41, will direct the air moved
by blower 27 into space 10. It will be noted that
both dampers 371 and 39 will be moved simul-
taneously except when the outdoor temperature
is Iess than 75 degrees or contact 125 of relay
120 is in its actuated position.

The actuating cml 135 of damper position relay
132 is connected across the solenoid coil 136 of
the solenoid valve 31 to insure that damper 37
will be in posmon to allow a maximum recircula-
tlon of air to space 10, and to insure that damper
39 will be in position to divert all air moving
past condenser coil 21 to the outdoors when the
refrigerating system will of necessity be in op-
eration since actuation of solenoid coil 136 will
allow refrigerant gas to enter cooling coil {7
and low pressure switch 33 will cause compressor
motor 20 to operate. In order to avoid opera-
tion of damper motors 38 and 42 each time the
solenoid coil 136 is energized, thermostat 45¢ is
placed in water pan 29. As long as the tempera-
ture of the water in pan 29 is above 79 degrees,
contact 133 will remain in its actuated position
connecting conductors {27 and {30 and dampers
37 and 39 will remain in the positions shown in
Figiire 1. The period during which the solenoid
coil is not energized should be made short enough

that the refrigerating system will operate again
before the water in pan 29 cools below 79 degrees.
The water iri pan 29 will then be sprayed over
dondenser coil 21 and again heated by the com-
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pressed and 11quefy1ng refrigerant gas. HGWevEr,
if the water in pan 29 should cool to less than 79
degrees before solenoid coil (36 is again en-
ergized, dampers 37 and 39 will move to positions
shown by dashed lines 46 and &1, respectively,
and a moment’s delay will occur between the time
solenoid coil 136 is again energized and the time
compressor |9 again is operated by motor 20.
This delay is caused by switch 137 whose func-
tion will be described presently. |

If damper 39 is moved from one position to
another while condenser motor 28 and condenser
blower 21 are in operation, the movement of
damper 39 is impeded by the pressure of the air
driven by blower 27. A large damper motor 42
will have to be employed to overcome this pres-
sure and insure smooth movement of damper 39.
I provide a damper position switch 137 which
deenergizes contactor coil 80 of starting contactor
67 and stops condenser motor 28 and blower 21
each time damper 39 changes position. Switch
i37 is provided with a pivoted blade 138 having
an insulated end (39 engaging damper 39. At

‘the Initiation of movement of damper 39, insu-

lated end (39 is engaged by damper 39 causing
blade 138 to open the circuit of contactor coil 80
by disconnecting conductor (40 from conductor
141. As damper 39 approaches the end of its
travel, conductors 140 and (41 are again con-
nected by blade 138 and contactor coil 80 is again
energized to start condenser motor 28 and oper-
ate condenser blower 271. Since actuator coil 88
of compressor motor 28 is energized through con-
tact 81 of starter contactor 67, operation of com-
pressor {9 is also interrupted or delay each time
damper 38 changes its position.

Condenser and compressor control

The condenser motor 28 and the compressor
motor 20 are controlled through their starting
contactors 67 and 66, respectively, by low pres-
sure relay 38 which is opened when the pressure
in the cooling coil 17 falls below a predetermined
value and which is closed when the pressure in

cooling coil 17 rises above a predetermined value,
a high pressure relay 34 which is normally closed
and which is opened when the pressure in con-
denser coil 21 reaches a predetermined high value,
a single pole relay mz and damper p031t10n
switeh 1317. |

The actuating coil 88 of condenser motor 28 is
connected across leads 63 and 61 through thermal
overload contact 84, conductor 148, blade 138 of
damper position swrtch {3T when damper 38 is
in either of its opposite positions, conductors 141,
143 and 144, contact {45 of relay {82 when it is

in its actuated position, contact 146 of low pres-
sure relay 33 when it is in its actuated position,
conductors (471 and 113, contact 12 of starter
contactor 65, and conductor {80. Contact 145 is
actuated to closed position when its actuating
winding 158 is connected across leads 63 and 6/
when contacts 72 and 146 are both closed through
conductors {00, contact 12, and conductors 113
and [47. Condenser motor 28 therefore operates
whenever the pressure in cooling coil 11 rises to
above a predetermined value and contact 146 is
actuated, provided that damper 39 isin either of

its opposite positions.

When contactor coil 89 is energized, it actuates
contact 81 of the starting actuator 67 connecting
contactor coil 88 across leads 61 and 63 through

conductor 148, thermal overload contact 93, con-
ductor 1489, conta.ct 81, contact 150 of high. pres-
Slire relay 84, contact MG conductors 147 and 113,
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contact 72 and conductor (00.  Compressor motor
20 will therefore operate whenever conditioner
motor 15 and condenser motor 28 operate pPro-
vided the low pressure relay contact {46 and the
hich pressure relay contact 130 are both in closed
positions. |

t is desirable that the compressor motor Con-
tinue to operate until it is turned off by the open-
ing of contact {46 of the low pressure relay even
though during its operation either toggle switch
94 or time clock 95 contact 86 is opened to stop
operation of the air conditioning apparatus in
order to prevent a relatively high pressure in
cooling coil 17 which may lead to malfunctioning
of the refrigerating system as will be explained
below. The contact 39 of contactor €& connects
contactor coil 74 of conditioner motor ¥ across
leads 61 and $§2% through conductors {35{ and 152,
thermal overioad contact 15, and conductor [18.
The conditionsr motor {5 and condenser motor
28 will therefore continue to operate even though
switech 84 or contact 86 is opened until the con-
tact 186 of low pressure switch 33 opens. -

If the pressure in condenser coil 21 exceeds a
predetermined value while contact 148 is still in
its closed position, contact {88 of high pressure
switch 2% will open deenergizing contactor coil
88 and stopping compressor motor 28. Con-
denser motor 28, however, will continue tc oper-
ote so that condenser coil 21 will be cooled by
the water sprayved by pump 23 and by the air
hlown by blower 27 to reduce the pressure. when
the pressure falis below the predetermined value,
contact 150 will close again and compressor motor
o0 will also operate again until either contact
166 of the low pressure switch 33 or the contact
{G& of the hich pressure switch 34 will open.,
" When contact {88 of low pressure switch 33
opens, both compressor motor 20 and condenser
motor 28 are stopped since actuating winding 83
of relay (42 is deenergized and contact (45 is
opened. -

Refrigerating system operation only

If the rotary blade 123 of selector switch 43 is
moved to position D, only the refrigerating sys-
tem will operate. It is sometimes necessary 10
operate only the refrigerating system even though
the outdoor temperature conditions call for oper-
ation of the evaporative cooling system. 'This is
true of peak “human occupancy heat load” con-
ditions when an abnormally large amount of heat

is released in space (6. Such conditions exist

occasionally in most air conditioned spaces.
When rotary blade 123 is In position D, and
switeh 94 and contacts i85 and {88 are main-
tained in their actuated positions by time clock
85 and its associated coil 87, conductors I8 and
188 are connected and contactor coil 11 is ener-
oized starting conditicner motor 15. When con-
‘ditioner motor 5 is in operation, actuating coil
{54 is connected across leads 63 and 6l through
conductor 108, contact 72, conductor {13, thermal
overload contact 83 and conductor {48. Contact
(57 will therefore be actuated and will connect
conductors 158 and £59. Solenoid coil {36 will

then be connected across leads 63 and 6§ through

econductors 188 and 99, contact 186, conductor {88,

switeh blade 121, conductor 122, switch blade §23,

conductors 68 and 159, contact 131, and con-
ductors 158 and (61. Actuating coil 133 of
damper position relay 132 will be energized simul-
taneously with the energization of solenoid coil

136 and dampers 39 and 31 will move to, or.re-

14
main in, the positions suitable for operationi of
the refrigerating system, as shown in Figure 1.

The energization of solenoid coil 136 opens
solenoid valve 31 allowing the refrigerant gas to

5 enter cooling coil 17 and the pressure of the re-
friserant gas in cooling coil 17 will therefore be
raised. Contact 1846 of low pressure relay 33 will
therefore be actuated and condenser motor 28
and compressor motor 20 will begin to operate.

10 All controls other than low pressure switch 33
and high pressure switch 159 are by-passed. by
moving rotary switch blade {23 of the selector
switeh 45 to position D. Condenser motor 28 and
compressor motor 28 will thereiore be stopped

15 only if the pressure of the refrigerating gas In
cooling coil i7 or in evaporative condenser coil
21 exceed predetermined values. The refrigerat-
ing system of the air conditioning apparatus will
therefore function until either time clock 9%

20 opens contact 98§, switch 84 is opened, or the ro-

- tary switeh blade (23 of selector switch 149 1s
moved from position D. o | -

Evaporative cooling operation only

o5 'The efficiency of the refrigerating system may
be seriously impaired at times by abnormal wind
conditions which cause the warm and humid air
discharged to the outdoors by duct 26 to be re-
turned to the condenser coil air duet 22 and by the

30 mechanical failure of components of the refriger-
ating system. Slipping of the belts which link mo-
tor 28 to blower 27 and water pump 23, low water
supply in water pan 29, clogging of the filter
screen usually provided in the intake of the water

35 pump 23, clogging of the outlet apertures of spray
pipe 24, and corrosion of condenser coil 21 are
examples of mechanical failures which lower the
efliciency of the refrigerating system. Until the
wind conditions change or the malfunctioning

40 components of the refrigerating system are re-
raired it will be necessary to employ only the
evaporative cooling system of the air condition-
ing apparatus. By moving rotary switch blade
i23 of selector switch 48 to position C, only the:

45 €vaporative cooling system will be allowed to
operate. o |

With rotary switch blade i23 in position C and
switch 84 as well as contacts 105 and (06 in closed
position, actuator coil 71 is connected across leads

50 61 and 63 and conditioner motor {5 is caused to
operate. At the same time, actuating coil 80 is
connected across leads 61 and 63 through thermal
overload contact 84, conductor {48, switch blade
1388 of relay (37, conductors 141, 143, 182, 108,

55 contact {88, and conductors 89 and (03. Con-

denser motor 28 will therefore also be placed in
operation, The position of damper $1 will de-
pend on the outdoor temperature as. determined

- by thermostat ééa and on the temperature of the
go water in pan Z9 as detected by thermostat 49a.
"The position of damper 37 will be determined
in the same manner as it is determined when the
rotary switch blade i23 is in position A and only
the conditioner movor i5 is operated. When the
gz outdoor temperature is below 75. degrees, con-
ductors (16 and ({7 are connected by contact 11§

of thermostavr 44a, and damper 37 moves to or
remains in the position shown in Figure 1 to per-
mit a minimum of fresh air and a maximum of

r¢ recirculated air to be brought into space 1{0.
When the outdoor temperature is 75 degrees or
higher, contact (18 connects conductors {7 and

128 and conductors {6 and {i7 will be connected
only when contact {33 of thermostat 45a is actu-

75 ated. Contact. 133 will close only when the tem-~
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.:f-.perature of ‘the watér:in pan:29-eéxceéds 79 de-

grees. ~WhHen- th1sueond1tlon océurs’ when the out-

: door temperature is'75 degrees or higher, dampers
37 ‘and - 39 are-moved ‘to the ‘position shown in
Figure 1-since confact 133 will move to closed
position ‘short- o1rcu1t1ng condirctors 127 and 130
and conductors 116 and IH If the temper ature

of the-outdoor -air-is less than 75 degrees only

-damper 39 will move to the position. shown in Fig-
ure 1. ‘The-normal position of: demper 39 dur-
ing‘thetime rotary switch blade 128 is in position
D is‘that indicated by the dashed line 41 of Fig-
ire 1. “Condenser blower 27 will therefore move
fresh-air'into space 10 unless the:temperatiure of
thewaterin-pan 29 exceeds:79 degrees.

Tt will'be noted-that when rotary switch blades
123-is‘in‘either position A or C, solenoid coil (36
danrot be-énérgized. - ‘However, a certain amount
of refrigerant gas will -seép through the valves
of ‘comipressor ‘19 and through the solenoid vglve
31 -into-cooling coil 17. Morecver, some refrig-
erant gas which is dissolved in the oil always
present to-greater or lesser extent in cooling coil
IT will vaporize when the temperature of the
cooling coil {7 ‘rises. ‘The refrigerant gas will
tend to:collect in the compressor as the pressure

10

15

20

25

in ' cooling -coil ¢ 7 -increases and will cause mal~

function of oompressor 19.-In order to avoid such |

‘malfunction, compressor motor 20 and condenser
“motor 28will be-allowed to operate each time the
‘pressure in-cooling -coil 17 exceeds a predeter-

mined value and contact {46 of the low pressure

switch-33 is actuated. -Since solenoid valve 3!
~ will remain closed, ‘the compressor motor 2§ will

operate only the Ver,v short time needed to pump

~“the refrigerant gas which has seeped into cooling

coil-I7-into‘econdenser coil 2{. Conditioner motor
15 will-operate-continuously when rotary switch
~ blade 123 is in position A or C so that the azctu-
- ator-coil -88 of starting conductor 6 of compres-

‘sor motor 20 will be connectied across leads 6§

and 63 -each time contact i46 is moved to actu-

‘ated position through conductor 48, thermal

~ioverload -contact 83, conductor (4f, contacts 8,
- 450 -and 146, conductors 147 and H3 contact 72
and conductor t88. In this manner the pressure

k)

b

4()

~‘of -the refrigerant gas in coil I7 is-kept below a -
‘certain - predetermined value regardless of the

: ‘position -of rotary switch blade {23 but the time
- ‘of ‘operation ‘of :compressor {9 is kept very short
- 'when -blade 123 is in positions A or C in order

50

- to ‘minimize as much as possible the pericds of

- “‘costly operation of -compressor 9.
- Automatic operation
Wheén rotary switch blade 123 is'in position B

55

and :switch 94 ‘and contacts 105 -and 168 -are in

| thelr closed positions, either the refrigerating or

the evaporative cooling system will operate de-

-pending -on ‘the outdoor temperature and -humid-
4ty conditions.

60
The refrigerating system will be -

in operation whenever the outdoor dry bulb

‘temperature-is above 85 degrees or when the out-

ifloor ‘wet bulb temperature is above 79 degrees.

The ‘evaporative cooling ‘system

will operate

when the outdoor dry bulb température is be-

tween 75 and 85 degrees and the outdoor wet bulb
temperature - is below 79 degrees. Finally only
conditioner blower 4 will .operate if the out-
door ‘dry bulb temperature is below 75 degrees

‘and ‘the temperature of the -air in space 10 is

“below 75 degrees. - _
If we assume now that the outdoor tempera-
-tureis-below 75:degrees as determined by thermo-

70

stat 48a-end the -inddor : tempeérature ‘is below 75 -

and conductors 158 and {61.
f—a,ctuatmg coil 135 of damper position relay (32
18 ‘energized short circuiting conductors 127 and

16
75 degrees, ‘contact 163 ~of :réom thermostat 32
is-in its-open position and contact {18 of thermo-
stat 44a connects conductors {16 and 11T so
that damper 37 is moved to the position shown
in Figure 1 closing off air duct 35a and open-
ing air duct 36 to allow a maximum of air to
be recirculated into space 10 and to allow only
a minimum of fresh air to be moved into space
10 through air duct 35. At this time only con-
ditioner motor ‘15 will be operating. If the dry
bulb outdoor temperature remains below 75 de-
grees and the temperature in space 10 rises above
75 degrees, contact 163 of room thermostat 32

will move to its closed position connecting actu-
-ating coil 80 across leads 61 and 63 through ther-

mal overload contact 84, conductor 148, switch
blade 138 of switch 131, conductor 14{, contact
164 of ‘wet bulb thermostat 44, conduotor 169,
contact 168 of dry bulb thermostat 43, oonduo-
tors 167 -and 168, contact 163, conductor {69,
switch blade 123, conductor 122, switch blade 121,
conductor 108, contact 106, and conductors 99
and (00. Condenser motor 28 and condenser
blower 27 will therefore operate moving air cooled
by the water sprayed by spray pipe 24 into space
0. Damper 29 will be in the position shown

by -dashed line 4! of Figure 1 since bhoth : con-

tacts 131 and 133 will-be in their open positions.
When the temperature in space 1§ falls below
75 degrees contact (63 will -move into its open
position and condenser motor 28 will stop oper-
atin'g. | |

If the outdoor dry bulb temperature now rises
above 75 degrees, but does not exceed 85 de-
grees and ‘the wet bulb temperature is below
79 degrees, contacts 164 and (66 will maintain
their positions but contact 118 will move to
connect conductor 117 to {26 and cause damper
motor 38 to move damper 37 to the dashed line
position 45 of Figure 1 since conductors (16 and
11T will no longer be short circuited, both con-
tact 131 and contact 133 being open since sole-
noid coil {36 is not energized and the water
in pan 29 has a temperature lower than 79 de-
grees. If the temperature in space [{ exceeds
75 degrees but does not exceed 85 degrees, the
condenser motor 28 and condenser blower 271 Wlll
blow -air cooled by the water sprayed by plpe

24 into space (0 since damper 38 will be’ in the
position indicated by dashed line 4i.

Both-
blowers |14 and 27 will now be moving fresh aitr
from the outdoors into space {0 insuring a, rela-
tively great and ‘continuous ohange of air in

space 10. If the temperature in space 18 should

fall to 75 .degrees, contact {63 will cpen and con-

denser motor 28 and condenser blower 271 will

cease operating. The evaporative cooling system

‘will therefore never permit the temperature in
space (0 to fall below 75 degrees as long as the
outdoor temperature is 15 degrees or above.

When the outdoor dry bulb temperature ex-

‘ceeds 85 degrees and the temperature in space

10 exceeds 75 degrees contact (6§ will connect

conductor 187 to conductor 170 at the same timi
'breakmg the connection of conductors 165 and-

167. Solenmd coil 136 will now be connected

‘across leads 63 and 61 through conductors 100
and 99, contact 106, conductor 188, switch blade

i21, oonduotor {22, rotary switch blade 123, con-

--ductor {69, oontaot 163, conductors {58 and 161,

contact IBB conductors {70 and 159, contact 151,
‘At the same time

130 -and causing ‘dambpérs -37 ‘and 39 to move to
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the positions shown in Figure 1. Damper 31
will allow a minimum of fresh air to enter space
16 and damper 39 will cause all air moved by
condenser blower 27 to be blown outdoors. As
soon as damper 39 has terminated 11:5 move-
ment condenser motor 28 and compressor motor
20 Wlll begin to operate provided that contact
46 of low pressure switch 33 is in its actuated
posﬂ:lon Contact {46 will be in this actuated
position whenever solenoid coil 136 is energized
since the pressure in cooling coil {71 will rise
due to admlssmn of refrigerant gas by solenoid
valve 31. When the temperature in space 10 falls
below 75 degrees, contact (63 will move to its

open position and solenoid coil 136 will be de-
energized. Solenoid ve,lve 2{ therefore closes

and contact {3f of damper position relay 132
meves to its open position. Dampers 37T and
39 do not move, however, since the water in
pan 29 has been raised in temperature to more
than 79 degrees by the heat ebserbed from con-
denser coil 21 and contact 133 of thermostat
45¢ will connect conductors 27 and 130. The
temperature of the water will normally remain
above 79 degrees during the operation of the
refngeretmg circuit. Should an abnormal con-
dition arise and allow the temperature of the
water to fall below 79 degrees, dampers 31T and
39 will move to positions 46 and 41, respec-
tively. | |

Upon the next energization of solenoid coil
125, the dampers 37 and 39 will revert to their
original positions.” When solenoid coil 136 is de-
energized, condenser motor 28 and compressor
motor 20 will continue to operate until the pres-
sure in cooling coil 1T has been brought down
by compressor {9 and contact 145 of low pressure
switch 33 moves to open position. When con-
teet {46 moves to open position motors 28 and
20 stop and remain inoperative until solenoid
ceﬂ 135 is again energized and contact 146 mevee
to closed position.

The refrigerating syetem will operete even
when the outdoor dry bulb temperature is below
85 degrees and contact {16 does not connect con-
ductors 67 and {70 if the wel bulb temperature
of the outdoor air .is above 79 degrees. In this
case, conductor (70 is connected to conductor
{67 threugh contact {64 which moves to the mght
when the wet bulb temperature rises above 79
degrees, conductor (65 and contact 166 of ther-
mostat 43 which is in its leftmost position since
the dry bulh temperature is below 85 degrees.
Solenoid coil 136 will, therefore, be energized i1
contact 163 of the rocm thermostat 32
closed position and the refrigerating system will
be in operation even though the dry bulk outdoor
temperature is below 85 degrees. When the out-

door dry bulb temperature is 85 degrees or higher,

the wet bulb thermostat 44 does not exert any
control over the energization of solenoid coil {36
since cenduetels iI86T and (780 are directly con-
neeted by contact {66 of thermostat 43.

If the refrigerating system is in operation and

the dry bulb outdoor temperature drops below

85 decrees while the wet bulb temperature is
below 79 dezrees and the temperature in spaced
{0 is above T5 degrees, contact {66 breaks the
connection between conductors (67 and {78 and
solenoid coil 138 and actuating coil (39 of damper
position relay 132 are deenergized. Compressor
motor 20 will continue in operation until con-
tact 148 of low pressure switch 33 moves to its
open position and deenergizes actuator coil 89
and actuating coil 153 of circuit breaker I[152.

is in 1ts :
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Compressor motor 20 will stop but condenser
motor 28 will remain unchanged even though

contact {31 of damper position switch 132 will

be open because contact {33 of thermostat 43¢
will remsain closed since the temperature of the
water in pan 29 will be above 79 degrees. Con--
denser motor 28 and condenser blower 21 will
therefore continue to move air past condenser
coil 21 and to the outdoors until the tempera-
ture of the water drops to 79 degrees or below:.
This insures that the air which moves past con-
denser coil 21 is expelled to the outdoors until
the temperature of the condenser coil 2§ and
of the water ceases t0 heat or humidify the air
brought in from the outdoors. - When the iem-
perature of the water drops to 79 degrees or
lower, due mainly to the evaporative cooling of
the water sprayed by pipe 24 and movement oif
air caused by blower 27, contact 132 will move
to open position and dampers 37 and 39 will
respec-
tively to allow a maximum of fresh air to be
brought into gpace {8. When damper 329 begins
to move it actuates switeh (37 and will cause

condenser motor 28 to cease operation until

damper 3% reaches the position indicated by
dashed line &41. It will be understood that this

- interruption of operation of condenser motor.

51
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28 will occur each time damper 39 moves irom
one p051t1011 to the other.

The time lag between cessation of operation
of the refmgeratwn system and the commence-
ment of operation of the evaporative cooling
circuit allows the changeover to take place with-
out an abrupt change in temperature within
space {§. During the period of operation of the
refngeretmg system the temperature of the air
within space 10 is mamtemed at 75 degrees. The
outdoor temperature now falling slightly below
85 degrees the outdoor air which will be moved
into space 18 by blower !4 will have a tempera-
ture of about &b degrees which will cause g tem-
perature change of about 10 degrees. During the
10 to 20 minutes required for the changeover
from operation of the reirigeration system to

- operation of the evaporative cooling system, the

t}‘l;._}
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conditioner blower {4 will continue to recirculate
air and to introduce a certain amount of out-
door air having a temperature Of about 85 de-
orees into space 0. While the reirigerant gas
in cooling coil T will lower the temperature of
this air while the compressor 19 is operating even
though solenoid valve 31 is closed, the drop in
temperature will decrease with the passage of

time from the clesmﬂ' of soleneld valve 31.

When dampers 37 and 239 finally change their
positions to ellow maximum amounts of fresh
air to be brought in from the OL.tdeere the tem-
perature dif erentlal between the eutdee"" air and
the air in space {8 will be relatively small. In
addition, the temperature of the water now hav-
ing fallen to 79 degrees, the temperature of the
air moved by blower 27 is. lowered by evaporative
cooling decreasing the temperature differential
still further. The change in temperature in
space {8 will therefore be relatively gradual and
the increased cweulatlen of air in space 1€ due
to the addltmnal air now moved into space {8
by blower 27 will maintain the temperature and
humidity condltmns in space H@ comior table to
the human occupants. | .

Actuating winding 194 is energlzed Wwhen con-
tactor coil 71 is energized and remains ener-

gized as long as conditioner motor 1§ is in cpera-
tion except when thermal overload contaci. 93
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of compressor motor 20 is opened due to some
malfunction of the refrigerating system. In the
latter event, contact 157 disconnects conductor
158 from  conductor 159 and solenoid coil (38
- will not be energized until contact 93 is again
moved to closed position. When contact 157 is
in its non-actuated position, it connects con-
ductors 159 and 162 and insures that the eva-

porative cooling system will function if rotary--

switch blade 123 is in either position B, C, or D.

Since compressor {9 is no longer operating, .low.

pressure switch {46 will ordinarily close and con-
nect actuator coil 80 across leads 6f and 63
through contact 84, conductor 149, switch blade
138, conductors (41, 143, {162, and {44, contacts
145, {46, conductors 147 and {13, contact 712 and
conductors {0¢ and 10{. Dampers-37 and 39 will
remain in their positions until the t{emperature
of the water in pan 29 drops below 19 degrees

when contact 133 will move to its open position
and dampers 37 and 39 will move to positions 46
-and 41, respectively to allow a maximum of fresh
air to be moved into space (8. Contact 131 will’
be open whenever solenoid coil (36 is deenergized -

and will therefore not prevent this movement of
dampers 31 and 39.

- In many installations the air condltlomng ap-_.

paratus will be subjected to a peak “human oc-
- eupancy heat load” at night when the outdoor
temperature and humidity conditions call for

operation of the evaporative cooling system. ' In

these installations a time clock {11 may be em-
ployed to maintain a contact (12 in closed posi-
tion throughout the peak load period. When

the contact 112 is in closed position an actuating.
and 63

coil 113 is connected across leads 6l
through conductor 1063, contact 172, and conduc-
tors 113a, 174, 99 and 1080. Coil 113 closes a.con-
tact 175 which connects conductors 167 and 170
to by-pass or shunt thermostat 43 when rotary
switch blade 123 is in position B. Solenoid coil
136 is connected across leads 61 and 63 through
conductors 181 and 158, contacts 157 and 175,

conductors {16 and (68, contact (63 when the

temperature in space {0 is above 75 degrees, con-
ductor 169, switch blade 123, conductor 122,
switch blade 121, conductor {88, contact 106, and
conductors 99 and 100, Since solenoid coil 136
will be energized whenever contact 163 moves to
closed position, the refrigerating system will be
in operation regardless of the outdoor tempera-
ture. Time clock {71 may be connected across
leads 6t and 64 through conductors 183 and 117.
- In the above description, the varying thermo-

stats were described as operating when certain

specific temperatures of air or water obtained.
Tt will be obvious that these thermostats may be

set to operate when predetermmed values of tem-~

perature of the air or water are reached. The
optimum temperature values at which the ther-
mostats should be set may be obtained empirical-
ly for each installation of the air conditioning
apparatus. |

~An important advantage of my new and im-

. proved air conditioning apparatus is its ver-

satility of operation which permits use of dif-
ferent components of the apparatus to meet the
demands placed on the apparatus by variations

In both internal and external conditions. The
selector switch 45 allows operation of conditioner

blower 14 by itself, the independent operation. of
-either the refrigerating system or the evaporative
cooling system, and the-automatic operation of

either the refrigerating system or the eve,poratwe-
cooling system as the external and 1nterna1 con-~
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ditions reach or fail to reach. predetermined con-

ditions of temperature and. humidity. .

Another important advantage of the air. con-
ditioning apparatus is its economy of operation
which restricts the relatively costly operation of
the refrigerating systems to the periods when
only refrigerative cooling will insure comfortable
conditions of temperature and hurnldlty and
thh employs the. relatively inexpensive eve,po-
rative cooling system at all times when evapo-
rative cooling of the air will provide comfortable
temperature and humidity conditions in space -10.

A further advantage of my air conditioning ap-
paratus is that it provides a cooling system for
use when the refrigerating system becomes. in-
operative due to mechanical failures. If the con-
denser motor 28 and water pump 23 are in op-
erative condition, the evaporatwe cooling. system
may be employed during the period when the
refrigerating system is being restored to operatwe
condition so that some cooling of the air in space.
{0 can always be prow.ded

Figure 4 illustrates a modified form of the air.
conditioning apparatus. For clarity of explana-
tion, the components of the apparatus illustrated
in Pigures 1 and 4 have been given like reference
numerals. In the modified form of the air con-
ditioning apparatus illustrated in Figure 4, all

. of the air moved by the conditioner blower {4 is

10
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drawn from the conditioned space 10 through.
the duct 36, the ducts 35 and 35a and the damp-
ers 31 and 37a of the apparatus of Figure 1 not
bemg provided. In such installation, the fresh
air needed for mlxmg with the recirculated air
from the air conditioned space is drawn through
the door 200 or the window 201 of the space i0.
The damper 39 is shown provided with a2 handle
202 for manual operation although a damper
motor can be provided as in the previously de-
seribed embodiment. The electrical o1rcu1t dia-
gram has not been: illustrated since any. circuit
which will provide for selectively operating both
the condenser blower 27 and the conditioner
blower 14 when the refrigerating apparatus is

- kept inoperative is satisfactory. Manual switch-
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es may be used instead of the automatic tem-
perature controlled switches previously described.

In operation, when the outdoor air tempera-
ture exceeds a certain predetermined tempera-
ture, the refrigerating apparatus is turned on
and air is moved by the conditioner blower from
the conditioned space 18 through the duct 36
over the cooling coils 17T for cooling and back
into the conditioned space. Fresh air is admit-
ted to the conditioned space through the door
200 which is usually opened periodically as peo-
ple enter the conditioned space or through a win-
dow 20{ which may be opéned to anyv desired de-
gree. During such operation, the damper 39 is

in the solid line position and the air driven by

the condenser blower 271 after moving past the
eompressor 19, compressor motor 20, condenser -
coil 21 is expelled through the duct 26 to. the

outdecors. This is the conventional operating
method of refrigerating air eondltlomng appara-

tus.

When the tempereture fo,]ls below a prede-
termined temperature, the refrigerating system
is stopped by conventional controls so that no
refrigerant gas is admitted into the cooling coils
7. The conditioner blower and the condenser
blower are allowed to continue to operate but the
damper 39 is moved to the broken line position
so that the air drawn by the condenser blower.
from the outdoors through the window §8 is
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moved into the conditioned space through the

duct 40 thus increasing greatly the rate of flow .
of air into the conditioned space. This air will"

be cooled by the evaporation of water sprayed by
the spray pipe 24 over the condenser coils 21.

o

If the temperature and humidity conditions.

are suitable, it may be desired merely to increase
the rate of flow
tioned space without cooling any portion of the
air by evaporative cooling. This may be accom-

mission devices may be employed if desired. Ior

example, a clutch of any conventional type may

be ‘connected between the water pump and the
motor 28 to facilitate the disconnection of the
water pump from its driving means.

Figure 5 illustrates still another modlﬁed forml

of the air conditioning apparatus. For clarity of

explanation, similar components of the appa-:
ratuses illustrated in Figures 1 and 5 have been
In the modified
form of the air conditioning apparatus illus-

given like reference numerals.

trated in Figure 5, the cooling coil (7, the con-
denser coil 21,
condenser blower 27 and the motors to drive these
elements, and all other elements of the refrig-
eratine apparatus are contained in the housing
380. The housing 302 has a grill in one end, not
shown in Figure 1, which is similar to the grill 33
shown in Fisure 1, through which air is drawn by
the condenser blower 271 into the housing from
the room 381 in which the housing is located.
Fresh air from the outdoors can move into the

room 381 through a window or grill 302 in the

wall 383 of the building.

A register 364 connecting the housing 300 and
the wall 305 separating the rocom 39! fmm the
conditioned space 108 is provided with adjustable
louvers 386 which may be opened or closed to

the conditioner blower (4, the

of fresh air into the air condi-

10
plished by disconnecting the water pump 23, In
either of the two embodiments of the invention,
from. the motor 28 by slipping off the pulley belt
driving the water pump. Of course, other trans-
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either permit or prevent air to be drawn from |

the conditioned space {0 by the conditioner
blower i4 over the cooling coil IT and back into
the conditioned space 1§ through the duct 48

which is shown provided with a plurality of reﬂ'-,

isters 307 disposed in the conditioned space [40.
The register 304 is also provided with a plu—
rality of adjustable louvers 308 which may be
opened or closed to either permit or prevent alir
to be drawn from the rcom 341 by the COIldlthIlEl’
blower 17 and back into the cond1t10ned space
(0 through the duct 48. The register 204 is old
in the art and, therefore, the details of its con-

struction are not described. Suffice it to say that
the louvers 3086 and 398 may be closed or opened
to any desired degree by suitable control handles

on the sides of the register hidden in the drawing.
In this installation, fresh air needed for mixing
with the recirculated air from the air condltmr\ed
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space is drawn from the outdoors through the

register 2302 in the wall 383 into the room 301,

from the room 301 between the louvers 388 mto. |
the register 3904, and thence into the housing 3!1@ |
In operation, when the outdoor air temperature

exceeds a certain predetermined tempsrature, the_-
apparatus is turned on and air is.

refrigerating
moved by the conditioner blower from the condi-

tioned space between the louvers 389, whichh are

in at least partly open position, through the reg-.
ister 384 over the cooling coils 17 in the housing

300 for cooling and back intoc the conditicned
space through the duct 48.

Fresh air is drawn
from the room 391, which communicates with the
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outdoors through the register 302, between the
louvers 308, which are also in at least partly open
position, through the register 304 into the hous-
ing 229, over the coocling coil 17 and then into the
conditioned space through the duct 48. The
doorway 309 is closed, of course, by a door, not
shown, during operation of the apparatus. Dur-
ing such operation, the damper is in the position
shown and the air moved by the condenser blower
27 from the room 308f over the various heat pro-
ducing elemenis of the refrigerating apparatus
and the condenser coil 21 is expelled to the out-
doors through the duct 26. This is the conven-
tional operating method of refrigerating air con-
ditioning apparatus. The outlet of duct 28 may
be sO posﬂamned that none of the warm air it
conducts is likely to move back into the room 381
through the register 302.
- When the temperature falls below a predeter-
mined temperature, the refrigerating system is
stopped by any suitable controls so that no re-
frigerant gas is admitted into the cooling coil.
The louvers 388 are moved into closed position so.
that recirculation of air from the conditioned
space {0 is stopped. The conditioner blower and
the condenser blower are allowed to continue to
operate but the damper 39 is moved by means of
the handle 32 to a position in which it closes the
duct 26 and opens the duct 40, so that air drawn
by the condenser blower from the ouvdoors
through the register 302 into the housing 300
through a grill, not shown, since it is located in
3, side of the housing hidden in Figure 3, and
through the duct 49 into the condifioned space
thus greatly increasing the rate of fiow of air into
the conditioned space. The air moved by the
condenser hlower will be cooled by the evapora-
tion of water sprayed over the condenser coil of
the refrigerating apparatus. Asin the previously
described forms of the invention, the water spray-
ing of the condenser coil can be stopped by dis-
connecting the water pump from the motor which
drives it.

While I have illustrated and described pre-
ferred embodiments of my invention, it will be

~ obvious to those skilled in the art that various

changes and modifications may be made without
departing from the spirit and scope of my inven-
tion and I, therefore, aim in the appended claims
to cover all such changes and modifications as fall
within the true spirit and scope of my invention.

What is claimed is:

1. In an air conditioning apparatus: a refmg-_
erating system comprising a pair of heat ex-
change elements, a first duct means communi-
cating with a conditioned space, a second duct
means communicating with the outdoor atmos-
phere, a first damper means for closing off said
first duct means, a first blower means for draw-
ing air from said conditioned space through said
first duct means and from the outdoor sitmos-
phere through said second duct means to form
3, primary mixture, said first blower means
moving said primary mixture over one of said
heat exchange elements and into said conditioned
space, said primary mixture being cooled in ifs
passage over said one of said heat exchange
elements, spray means for spraying water over
the other of said heat exchange elements, a
second blower means for drawing air from the
outdoor atmosphere over the other of said heat
exchange elements, and a third duct means
communicating with the outdoor atmosphere for
moving the air drawn by second blower means

back to the outdoor atmosphere; an evaporative
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cooling  system comprising said second blower
means, ‘sald spray means, and a fourth duct
- means for moving the air drawn by said second
blower means from the outdoor atmosphere and

through the water sprayed by said spray means |
to sald conditioned space; and second damper
means closing off said third duct means when

In one position and closing off said fourth duct
means when in g second position, said first and
third duct means being open when said refrig-
erating system is in operation and being. closed
when sald evaporative cooling system is in op-
eration, said first and second blower means
operating during the operation of said evapora-
tive cooling system and during the operatmn of
sald relrigerating system. -

2. In the air conditioning apparatus of clalm
1: a first motor means for operating said
first damper means; a second motor means for
operating said second damper means; and means
responsive to the temperature and humidity
conditions of the outdoor atmosphere for placing
sald refrigerating system in operation when
predetermined values of temperature and hu-
midity of the outdoor atmosphere are exceeded
and for placing said evaporating cooling system
in operation when said predetermined values
are not exceeded, said last mentioned means
controlling said first and second motor means
to close said first and third duct means when
‘sald evaporative cooling system is placed’ in
operation and to open said first and third duct
means when said refrigerating system 1s pl ced
in operation.

3. In the air conditioning apoparatus of clalm
2: means responsive to the temperature of the
water sprayed by said spray means and asso-
ciated with said second motor means for closing
sald fourth duct means when the temperature
of said water exceeds a predetermined value.

4. In the air conditioning apparatus of claim
3. Imeans respensive to the movement of said

second damper means for stopping operation of

sald second Dblower means when said second
damper means is being moved irom one p051t10n to
“another.

5. In an air conditioning apparatus: a refrig-
erating system comprising a pair of heat ex-
change elements, a first duct means communi-
cating with a conditioned space, a second duct
- means communicating with the outdoor atmos-
phere, g first damper means for closing off said
first duct means, a first blower means for draw-
ing air .from said conditioned space through
-sald first duct means and from the outdoor
atmosphere through said second duct means to

form a primary mixture, said first blower means

moving said primary mixture over one of said
heat exchange elements and into said condi-
tioned space, said primary mixture being cooled
In its passage over said one of said heat ex-
change elements, spray means for spraving water

over the other of said heat exchange elements,

g .second blower means for drawing air from
the outdoor atmosphere over the other of said
heat exchange elements, and a third duct means
communicating with the outdoor atmosphere
for moving the air drawn by second blower means

~ back to the outdoor atmosphere; an evaporative

cooling system comprising said second blower
means, said spray means, and a fourth duct
‘means for moving the air drawn by said second
blower means through the water sprayed by sald

- spray means to said conditioned space; second

damper. means associated with said third and
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fourth duct means, said second damper means
closing off said third duct means when in one
position and closing off said fourth duct means
when in a second positicn, said first and third
duct means being open when said refrigerating
system 1s in operation and being closed when

said evaporative cooling system is in operation,

sald first blower means operating during the
operation of said evaporative cooling system and
during the operation of said refrigerating sys-
tem; a first motor means for operating said first
damper means, a second motor means for oper-
ating said second damper means, and means .
responsive to the temperature and humidity
conditions of the outdoor atmosphere for placing
sald refrigerating system in operation when
predetermined values of temperature and hu-
midity of the outdoor atmosphere are exceeded
and for placing said evaporating cooling system
In operation when said predetermined wvalues
are not exceeded, said last mentioned means
controlling said first and second motor means
to close said first and third duct means when
said evaporative cooling system is placed in op-
eration and to open said first and third duci
means when said refrigerating system is placed
in operation; and means responsive to the move-
ment of said second damper means for stopping
operation of said second blower means when
sald damper means is being moved from one

- position to another.
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6. In an air conditioning apparatus, a refrie-
erating system comprising a pair of heat ex-
change elements, a first duct means communi-
cating with a conditioned space, a second duct
means communicating with the outdoor atmos-
phere, a first damper means for closing off said
first duct means, a first blower means for draw-
ing air from said conditioned space through said
first duct means and from the outdoor atmos-
phere through said second duct means to form a
primary mixture, said first blower means moving
sald primary mixture over one of said heat ex-
change elements and into said conditioned space,
sald primary mixture being cooled in its passage
over said one of said heat exchange elements,
spray means for spraying water over the othéer of
said heat exXchange elements, a second blower
means ior drawing air from the outdoor atmos-

phere over the other of said heat exchange ele-
‘ments, and a third duct means communicating

with the outdoor atmosphere for moving the air
drawn by second blower means back to the out-
door atmosphere; an evaporative cooling system

comprlsmg sald second blower means, said spray
means, and a fourth duct means for moving the
alr drawn by said second blower means through
the water sprayed by said spray means to said
conditioned space: second damper means asso-
ciated with said third and fourth duct means,
said second damper means closing off said third
duct means when in one position and closing off
said fourth duct means when in a second posi-
tion, said first and third duct means being open
when said refrigerating system is in operation
and being closed when said evaporative cooling
system is in operation, said first blower means
operating during the operation of said evapora-
tive cooling system and during the operation of

‘sald refrigerating system: a first motor means

for operating said first damper means: a
ond motor means for operating said second
damper means: and means responsive o the

e,
LR

temperature and humidity conditions of the out-

door -.:atmoSphere..for placing said refrigerating
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system in operation when predetermined values
of temperature and humidity of the outdoor at-
mosphere are exceeded and for placing said
evaporating cooling system in operation when
said predetermined values are not exceeded, said
last mentioned means controlling said first and
second motor means to close said first and third
duct means when said evaporative cooling system

is placed in operation and to open said frst and

third duct means when said refrigerating system
is placed in operation; and means responsive to
the temperature of the outdoor atmosphere and
associated with said first motor means to0 move
said first damper means to open said first duct
means when the temperature of the outdoor at-

mosphere falls below a predetermined low value

and to move said first damper means to close
said first duct means when the temperature of
the outdoor atmosphere rises above said prede-
termined low value temypsarature. |

7. The air conditioning apparatus of cla,lm 6:
and means responsive o the temperature of the

air within said conditioned space Ior arresting
operation of said second blower means when the

temperature of the air within said conditioned
space falls below a predefermined low value and
for starting operation of said second biower
means when the temperature of the air within
said conditioned space rises above said predeter-
mined low value.

8. The air conditioning apparatus of clmm 1:
and manually operated switch means operative-
1y associated with said refrigerating and evap-
orative cooling systems for permitting selective
choice of operation of either of said systems.

9. The air conditioning apparatus of claim 1:
and automatic control means operatively asso-
ciated with said refrigerating and evaporative
cooling systems and responsive to predeterminea
temperatire and humidity conditions of the out-
door atmosphere for selectively operating eit_h‘er
of said systems

10. The air conditioning apparatus of clmm G
and manually operated switch means operatively
associated with said refrigerating and evapora-
tive cooling systems and said automatic control
means for permitiing automatic and manually
selective choice of operation of either of said
systems. -

11. In an air condltlomng apparatus: a re-
frigerating system comprising a cooling coil a
condenser coil, compressor means connected be-
tween said coils for exhausing a refrigeranv gas
from said cooling coil into said condenser colil,
valve means between said condenser coil and
said cooling coil for controlling the flow of sald

refrigerant gas from said condenser coil to said
cooling coil, a first duct means communicating

with a conditioned space, a second duct means
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communicating with the outdoor atmosphere, a

first damper means having two operative posi-
tions associated with said first and second duct
means, said first damper means closing off sald
first duct means when in one of said two op-
erative positions and opening said first duct

means when in the other of said two operative

positions, a first blower means for moving air
past said cooling coil, said first blower means
circulating air from said conditioned space and
from said outdoor atmosphere over said cooling
coil and into said conditioned space when sald
first damper is in one of said two operative posi-
tions, said first blower means circulating air only
- from the outdoor atmosphere over said cooling

coil and into said conditioned space when said

60

65

75

26

first damper means is in the other of said two
operative conditions, said air being cooled In
passing over said cooling coil when sald valve
means permits refrigerant gas to move from said
condenser coil to said cooling coil, means for
spraying water over said condenser coll, a sec-
ond blower means for drawing air from the out-
door atmosphere over said condenser coil, and
a third air duct means communicating with the
outdoor atmosphere for moving air drawn irom
the outside atmosphere by said second blower
means back to said outdoor atmosphere; an evap-
rative cooling system comprising said second
blower means, said water spray means, and a
fourth air duct means communicating with said
conditioned space for moving air moved by said
second blower means through the water sprayed
over said condenser coil infto said conditioned
space: and a second damper means having two
operative positions operatively associated with
said third and fourth duct means, said second
damper means closing said third duct means
when in one of sald two operative positions and

closing said fourth duct means when in the other

of said two operative conditions, sald first damp-
er means being in said other of its two operative
positions and said second damper means being
in said one of its two operative positions when

said refrigerating system is in operation, said
first damper means being in said one of its two

operative positions and said second damper
means being in said other of its two operative
positions when said evaporatwe coolmg system Is
in operation.

12. In the air conditioning apnaratus of claim
11: a first motor means for operating said first
damper means, a second motor means for operat-
ing said second damper means; and means re-
sponsive to predetermined conditions of tem-
perature and humidity of the outdoor atmos-
phere for maintaining said refrigerating system
in operation when the temperature and humidity
of the outdoor atmosphere exceed predetermined
values and for maintaining said evaporative cool-
ing system in operation when the temperature
and humidity of the outdoor air do not exceed
said predetermined values, said last mentioned
means controlling said first and second motor
means to close said first and third duct means
and open said fourth duct means when saia
evaporative cooling system is in operation and to
open said first and third duct means and close
said fourth duct means when said refrigerating
system 1is in operation.

13. In the air conditioning apparatus of claim
12: means responsive to the temperature of the
water sprayed by said spray means and operative-
ly associated with said second motor means for
closing said fourth duct means when the tem-

perature of said water exceeds a predetermmed
value. -

14, In the air conditioning apparatus of claim
13: means responsive to the movement of said
second damper means for stopping operation of
said second blower means when said second
damper means is being moved by said second
motor means from one of its two operative posi-
tions to the other.

15. In the air conditioning apparatus of claim
14: means operatively associated with said com-
pressor and said first and second motor means
for placing said evaporative cooling system Iin
operation when said compressor fails to function
when the temperature and humidity of the out-
door temperature exceeds said predetermined

values.
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16. In an air conditioning apparatus: a re-
frigerating system comprising a cooling coil, a
condenser coil, compressor means connected be-
tween said coils for exhausing a refrigerant gas
Irom said cooling coil into said condenser coil,
valve means between said condenser coil and

said cooling coil for controlling the flow of said

refrigerant gas from said condenser coil to said
cooling coil, a first duct means communicating
with a conditioned space, a second duct means
communicating with the outdoor atmosphere, a
first damper means having two operative posi-
tions associated with said first and second duct
means, said first damper means closing. off ‘said
first duct means when in one of said two opera-
tive positions and opening said first duct means
when in the other of said two operative posi-
tions, a first blower means for moving air past
sald cooling coil, said first blower means circu-
lating air from said conditioned space and from
said outdoor atmosphere over said cooling coil
and into said conditioned space when said first
damper means is in said one of said two operative
positions, said first blower means circulating air
only from the outdoor atmosphere over said cool-
Ing coil and into said conditioned space when
said first damper means is in the other of said
two operative conditions, said air being cooled in
passing over said cooling coil when said valve
means permits reifrigerant gas to move from said
condenser coil to said cooling coil, means for
spraying water over said condenser coil, a sec-
ond blower means for drawing air from the out-
door atmosphere over said condenser coil, and a

third air duct means communicating with the

outdoor atmosphere for moving air drawn from
the outside atmosphere by said second blower
‘means back to said outdoor atmosphere; an evap-
orative cooling system comprising said second
blower means, said water spray means, and a
fourth air duct means communicating with said
conditioned space for moving air drawn by said
second blower means into said conditioned space:
and g second damper means having two opera-
tive positions operatively associated with said
third and fourth duct means, said second damper
means closing said third duct means when in one
of said two operative positions and closing said
fourth duct means when in the other of said two
operative conditions, said first damper means bhe-
ing in said other of its two operative positions
and sald second damper means being in said one
of its two operative positions when said evap-
orative cooling system is in operation, said first
damper means being in said one of its two op-

erative positions, said second damper means be-:

ing in sald other of its two operative positions
when said refrigerating system is in operation, a
first motor means for operating said first damper
means, a second motor means for operating said
second damper means; and means responsive to

predetermined conditions of temperature and

humidity of the outdoor atmosphere for main-
faining said refrigerating system in operation
when the temperature and humidity of the out-
door temperature exceed predetermined values
and for maintaining said evaporative cooling
system In operation when the temberature and
humidity of the outdoor air do not exceed said
predetermined values, said last mentioned means

controlling said first and second motor means 1o

close said first and third duct means and open
said fourth duct means when said evaporative
cooling system is in operation and to open said
first and third duct means and close said fourth
duct means when said refrigerating system .is in
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operation; and means responsive to the move-
ment of said second damper means for stopping
operation of said second blower means when said
second damper means is being moved by said
second motor means from one of its two op-
erative positions to the other.

17. In an air conditioning apparatus: a re-
frigerating system comprising a cooling ¢oil, a
condenser coil, a compressor means connected
between said coils for exhausting a refrigerant
oas from said cooling coil into said condenser coil,
valve means between said condenser coil znd said
cooling coil for controlling the flow of said refrig-
erant gas from said condenser coil to said cooling
coil, a first duct means communicating mth a
conditioned space, a second duct means com-
municating with the outdoor atmosphere, a first

~damper means having two operative positions

associated with said first and second duct means,
said first damper means closing off said first duct
means when in one of said two operative posi-
tions and opening said first duct means when
in the other of said two operative positions, a
first blower means for moving air past said cool-
ing coil, said first blower means circulating air
from sald conditioned and from said outdoor

atmosphere over said cooling coil and into said

conditioned space when said first damper means
1s in said other of said two operative positions,
said first blower means circulating air only from
the outdoor atmosphere over said cooling coil

‘and into said conditioned space when said first

damper means is in said one of said two opera-
tive conditions, said air being cooled in passing

over said cooling coil when said valve means per-

mits refrigerant gas to move from said condenser
coil to said cooling coil, means for spraying water
over sald condenser coil, a second blower means
for drawing air from the outdoor atmosphere
over sald condenser coil, and a. third air duct
means communicating with the outdoor atmos-
phere for moving air drawn from the outside
atmosphere by said second blower means back
to said outdoor atmosphere; an evaporative cool-
Ing system comprising said second blower means,
sald water pump means, and a fourth air duct
means communicating with said conditioned
space for moving air drawn by said second blower
means Into said conditioned space; a second
damper means having two operative positions
operatively assocmted with said third angd fourth
duct means, said second damper means closing
said third duct means when in one of said two
operative positions and closing said fourth duct
means when in the other of said two operative
positions, said first damper means being in said
other of ifs two operative positions and said

‘second damper means being in said one of its two

operative positions when said evaporative cooling
system is in operation, said first damper means
being in said ohe of its two operative positiocns
and said second damper means being in said other
of its two operative positions when said refriger-
ating system is in operation; a first motor means
for operating said first damper means; a second
motor means for operating said second damper

- means; and means responsive to predetermined

conditions of temperature and humidity cf the
outdoor atmosphere for maintaining said refrig-

70  erating system in operation when the temperature

and humidity of the outdoor atmosphere exceeds
pbredetermined values and for maintaining said
evaporative cooling system in operation when the

temperature and ‘humidity of the outdoor air
do not exceed said predetermined values, -said
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last mentioned means controlling said first and
second motor means to close said first and third
duct means and open said fourth duct means
when said evapcrative cooling system is in ¢pera-
tion and to open said first and third duct mesans
and close said fourth duct means when said re-
fricerating system is in operation; and mesns
operatively associated with said first motor meais
responsive to the temperature of the outdocr air
and operative when said evaporative cooling
system is in operation to move said firsy damper
means to open said first duct means when the
temperature of the outdoor atmosphere falis He-
low a predetermined low value and to close said
first duct means when the temperature of the
outdoor atmosphere rises above said predeter—
mined low value. |

18. The air conditioning apparatus of claim 1'?
and means responsive to the temperature of the
air within said conditioned space and operative
when said evaporative cooling systei is in opera-
tion for arresting cperation of said second blower
means when the temperature of the air within
said conditioned space falls below a predeter-
mined low vaiue and for starting operation of
said second blower means when the temperature
of the air within said conditioned space ialls
below a predetermined low value and for stariving
operation of said second blower means when tie
temperature of the air within said conditioned
space rises above said last mentioned predeter-
mined low value.

19, The air conditioning apparatus of claim
11: and manually operated switch means opera-
tively associated with said refrigerating and
evaporative cooling systems for permitiing selec-
tive choice of operation of either of said systems.

20. The air conditioning apparatus of claim
11: and automatic control means operatively as-
sociated with said refrigerating angd evaporative
cooling system and responsive to predetermined
temperature and humidity condivions of the cut-
door atmosphere for selectively operating either
of said systems.

21. The air conditioning apparatvus of claim 2:
and manually operated switech means operatively
associated with said refrigerating and evapora-
tive cooling system and said automatic control
means for permitiing automatic and manually
selective choice of c¢peration of either of sald
systems.

22. In the air conditioning apparatus of claim
11: and pressure responsive switch means con-
nected between said cooling coil and said com-
pressor and operatively assocliated with said
compressor for maintaining said compressor in
operation when the pressure of said refrigerant
in said cooling coil exceeds a predetermined value.

23. In an air conditioning apparatus: a refrig-
erating system comprising a pair of heat ex-
"change units, a first blower means for moving

air over one of said heat exchange units and into

a, conditioned space, said air being cooled in mov-
ing over said one of said heat exchange units, a
cooling means for removing heat from the other
of said heat exchange units comprising a. second
blower means and a water sSpray means, said
water spray means forming a water spray over
said other of said exchange units, said second
blower means moving air from the outdoor at-
mosphere over said other of said heat exchange
units and back to the outdoor atmosphere; and
an evaporative cooling system comprising said
spray means, said second blower, and means for
directing the air moved by sald second blower
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means from the outdoor atmosphere through
said water spray to said conditioned space when
said evaporative cooling system is in operation,
said first blower means being in operation during
the operation of said refrigerating system and
said evaporative cooling system. -

24. The air conditioning apparatus of cla,lm 93
and ma,nually operable means for selectively
placing either of said systems in operation.

25. The air conditioning apparatus of claim 23:
ahd automatic control means responsive to pre-
determined values of temperature and humidity
of the outdoor air for selective operation of either
of said systems. |

26, In an air condltlomng apparatus: a refrlg-
erating system comprising a pair of heat ex-
change units, a first blower means for moving air
from a conditioned space and from the outdoor
atmosphere over one of said heat exchange units
and into said conditioned space, said air being
cooled in moving over said one of said heat ex-
change units, a cooling means for removing heat
from the other of said heat exchange units com-
prising a second blower means and a water spray
means, said water spray means forming a water
spray over said other of said heat éxchange units,
said second blower moving air from the outdoor
atmosphere over said other of said heat exchange
units and back to the outdoor atmosphere; and

an evaporative cooling system comprising said

spray means, said second blower, and means for
directing the air moved by said second blower
from the outdoor atmosphere through said water

spray to said conditioned space when said evap-

orative cooling system is in opesration; and means
operatively associated with said first blower for

allowing said first blower to move air from the

outdoor atmosphere only into said conditioned
space when said evaporative cooling system is in
operation.

27. In an air conditioning apparatus: a refrig-
erating system comprising a pair of heat ex-
change units, a first blower means for moving air
from a conditioned space and from the outdoor
atmosphere over one of said heat exchange units
and into said conditioned space, said air being

cooled in moving over said one of said heat ex-

change units, a cooling means for removing heat
from the other of said healt exchange units com-

prising a second blower for moving air from the

outdoor atmosphere over said other of said heat
exchange units and back to the outdoor atmos-
phere; and means for increasing the volume of
air moved from the outdoor atmosphere into said
conditioned space when said reirigerating system

is not in operation, said last mentioned means in-

cluding said second blower and means for direct-
ing the air moved by said second blower from the
ocutdoor atmosphere into said conditioned space.

28. In an air conditioning apparatus: a refrig-
erating system comprising a pair of heat ex-
change units, a first plower means for moving
air from a conditioned space and from the out-
door atmosphere over ocne of said heat exchange
units and into said conditioned space, said air
being cooled in moving over said one of said heat
exchange units, a2 cooling means for removing
heat from the other of said heat exchange units
comprising a second blower for moving air from
the outdoor atmosphere over said other of said
heat exchange units and back to the outdoor at-
mosphere; and means for increasing the volume
of air moved from the outdoor atmosphere into
sald conditioned space when said refrigerating
system is not in operation, said last mentioned
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means including said second blower .and means
for directing the air moved by said second blower
from the outdoor atmosphere into said condi-
tioned space; and means operatively associated
with said first blower for-allowing said first blower
to move air only from the cutdoor atmosphere
into said conditioned space when said refrigerat-
ing system is not in operation.

29, In an air conditioning apparatus: a refrig-
erating system comprising g pair of heat ex-
change elements, a first duct communicating
with a conditioned space, a first blower for
moving air from the outdoor atmosphere over
one of said heat exchange elements and through
said first duet into said conditioned space, said
air moved over said one of said heat exchange ele-
ments being cooled in its passage over said one of

said heat exchange elements, spray means for
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of said heat exchange units, said second blower
moving alr from fthe outdoor atmosphere over
sald other of said heat exchange units and back

~to the outdoor atmosphere; and an evaporative

cooling system comprising said spray means, said
second blower, and means for directing the air

~moved by said second blower from the outdoor
atmosphere through said water spray to said con-

ditioned space when said evaporative cooling sys-

tem is.in operation, said first and second blowers

cperating simultaneously when said evaporative _
cooling system is in operation.
34. In an air conditioning apparatus: a refrig-

erating: system comprising a pair of heat ex-

15

spraying water over the other of said heat ex- -

change elements, and g second blower for moving
air from the outdoor atmosphere over said other
of said heat exchange elements and back to said
outdoor atmosphere; a second duct communicat-
ing with said conditioned space; and means for
directing the gir moved by said second blower
from the outdoor atmosphere into said second
duct and thereby into said conditioned space
whereby said blowers may simultaneously move
air only from the outdoor atmosphere mto said
conditioned space. | -

30.. In an air condltmnmg apparatus: a re-
 frigerating system comprising a pair of heat
exchange elements, a first and second duct com-
municating with a conditicned space, a first
blower for moving alr from said first duct and
from the outdoor atmosphere over one of said
heatl exchange elements and through said second
duct into said conditioned space, said air moved

by said first blower being ccoled in its passage
40

over said one of said heat exchange elements,
spray means for spraying water over the other
Gf said heat exXchange elements, and a second
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change units, a first blower means for moving
alr from a conditioned space over one of said heat

- exchange units and back into said conditioned

space, said air being cooled in moving over one
of sald heat exchange units, a cooling means for
removing heat from the other of said heat ex-
change units comprising a second blower for

‘moving alr from the outdoor atmosphere over

said other of said heat exchange units and back
to the outdcor atmosphere; and means for
increasing the volume of air moved into said con-
ditioned space when said refrigerating system is
not in operation, said last mentioned means
including said second blower and means for di-

- recting the air moved by said second blower from
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thie outdoor atmosphere into said conditioned
Space.
33. In an air conditioning apparatus: a refrig-

erating system comprising a pair of heat ex-

change elements, a first duct and a second duct
communicating with the conditioned space, a
first blower for moving air from the conditioned

- Space through said first duct over one of said

heat exchange units and back to said conditioned
space through said second duct, the air moved
over sald one of said heat exchange elements
being cooled in its passage cover said one of said

- heat exchange elements, spray means for spray-

blower for moving air from the outdoor atmos-

phere over said other of said heat exchange ele-
ments and back to said outdoor atmosphere: a
third duct communicating with said conditioned
space; means for dirscting the air moved by said
second blower from the outdcor atmosphere into
‘said third cuct and thereby into said conditioned
space; and means for closing said first duct
wnereby said blowers may simultaneousiy move

air only from vhe cutdoor atmosphere into said

conditioned space.

31. In an air conditioning apparatus: a re-
frigerating system comprising a pair of heat
exchange units, a first blower means for moving
a2ir from a conditioned space over one of said
‘heat exchange units and back into said econdi-
- tioned space, said air being cooled in moving over

said one of sald heal exchange units, a cooling

means for removing heat from the other of said
heat exchange units comprising a second blower
means and a water spray means, said water spray
means forming a water spray over said other
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ing water over the other of said heat exchange
elements, and a second blower for moving air
from the outdoor atmosphere over said other of
sald heal exchange elements and back to said
outdoor atmosphere; a third duct communicat-
ing with said conditioned space; and means for
directing the air moved by said second blower
from the outdoor atmosphere into said third duct
and thereby intc sald conditioned spzace.
ARCHIE S. FEINBERG.
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