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11 Claims,

The present invention relates to the art of con-
ditioning air and more particularly to the method
of and apparatus for cooling and dehumidifying
air,

One of the objects of the present invention is
to provide an improved method of ‘and apparatus
for conditioning air, utilizing two heat absorbing
sections in which a refrigerating medium is cir-
culated first through one of the sections and then
the other and varying the flow from one of the
sections to the other in accordance with the con-
dition of the air to be conditioned.

Another object of the invention is to control
the flow of refrigerating medium from one of the
heat absorbing sections to the other in accord-
ance with variations of the relative humidity
and/or the temperature of the air to be condi-
tioned.

Other and further objects and advantages will
he apparent from the following disclosure, ref-
erence being had to the accompanying drawings
wherein preferred forms of embodiments of the
present invention are clearly shown.

In the drawings:

Fig, 1 illustrates diagrammatically one form of
the air conditioning system applied for cooling &
room;

Fig. 2 is a longitudinal cross sectional view of
an automatic throttle valve used in the system;
and

Fig. 3 illustrates diagrammadtically another em-
bodiment of the invention.

My invention contemplates the use of a heat
ahsorber of any suitable type having at least two
hesat absorbing surfaces. Both of these surfaces
are utilized under normal or low humidity con-
ditions for removing principally sensible heat
from the air and cne of these surfaces is utilized
also and particularly when the air to be condi-
tioned is high in relative humidity, for cooling
the air to below its dew point in order to cause
precipitation and thereby remove a large part of
the moisture from the air.

In the present embodiment an evaporator 16
of a mechanical refrigerator is employed as a
heat absorber and the two heat absorbing sur-
faces of the heat absorber are provided by divid-
ing the evaporator into two sections or portions
fi end 12. The flow of refrigerant by a feed pipe
{3 to the evaporator 18 is controlled by an expan.-
sion valve 15 and gaseous refrigerant is with-

» drawnm from the evaporator through a low pres-
j The heat dissipator is
herein shown as comprising a reciprocating type
compressor 18, a condenser 9 and & liguid re-

. &ir.

(CL 62—8)

ceiver 20. Gaseous refrigerant withdrawn from
the sections {1 and §2 passes through the suction
pipe 17 into the low pressure side of the compres-
sor 18 wherein it is compressed and flows into the
condenser (9. It is lquefled in the condenser by
being cooled and from the condenser the lique-
fled refrigerant flows into the receiver 28 and
then conducted threugh the expansion valve i5 to
refrigerant feed pipe 8. The compressor is
driven by a motor 22 which is controlled by a
switch 23. It is to be understood that the capac-
ity of the machine is such as to provide sufficient
refrigeration under abnormal high tempersture
and humidity conditions or both, of the air to
be conditioned and that the refrigerating effect
is varied in accordance with the conditions of
the air to be conditioned.

The .air conditioner herein illustrated is the
type for cooling a room 24 such as an office or a
living room in the home and the evaporator 10 is
disposed in a cabinet 25 having an air inlet 26
and an air outlet 2. The air is forced through
the cabinet and about the evaporator 18 by 2 fan
28 driven by an electric motor 2§. A partition 30
extends downwardly from the top of the cabinet
25 and from the front to the rear for directing
The sections ! and 12 of the evaporator
are arranged side by side and approximately one-

half of the air circulated passes about section {1

and the other half about section 12. Section 2
has approximately as much heat absorbing sure-
face as section §i. In order to increase the heat
absorbing surfaces of sections i{ and 12, fins 34
and 32 are attached to these sections. Water col-
lected on the evaporator drips to the floor of the
cabinet 25 and is conducted out of the cabinet
through a drain pipe 33.  Preferagbly the heat dis-
sipator is disposed outside of the room to be con-
ditioned but in case it is desirable to have this
machine in the reom, the condenser and com-
pressor are cooled by water so that the heat is
carried out of the room in the water.

The primary or principal purpose of section |
is to remove sensible heat from all of the air pass-
ing thereover and although section 12 will remove
sensible heat from the air passing thereover, its
function at times, particularly when the relative
humidity of the air to be conditioned is high, is
to remove latent heat from the air by lowering
the temperature of such air to below its dew
point. It will be appreciated that the air in the
room 1is subjected to different conditions due to
changes in the temperature and humidity of the
air outside the room and due to the direct addi-
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tion of heat and moisture to the air within the
room.

In order to maintain the air in the room be-
tween predetermined high and low temperature
limits, a thermostat 34 is provided for controlling
the operation of the heat dissipator. This ther-
mostat is preferably disposed so as to respond to
the mean temperature of the air in the room and
controls the motor switch 23 by opening the same
when the temperature of the air in the room at-
tains a predetermined low value and closes the

Same when the temperature of the air attains a

predetermined high value. Thus the tempera-
ture of the air in the room is maintained between
certain limits by controlling the operation of the
heat dissipator.

Not only is it desirable to control the tempera,-
ture of the air in the room, but, it is also desir-
able to control the relative humidity of the air.
When the relative humidity is high, the tempers.-
ture of part of the air, as it passes through the
cabinet 25, is decreased to below its dew point
to cause precipitation of the moisture out of the
air., The section 12 of the evaporator 10 is used
for this purpose, it being designed and controlled

to maintain at times a temperature much lower }

than that of the section f!. Since the relative
humidity varies independently of variations in
temperature, it is necessary to remove varying
proportions of moisture from the air while main-
taining the temperature of the air between the
predetermined fixed high and low temperature
limits. In other words it is necessary at times
to provide a low temperature to remove sufficient
moisture and it is also necessary that the mean
temperature of the air in the room should not
be lowered below a predetermined limit. To pro-
vide these proper refrigerating conditions, I vary
the amount of heat absorbed by different por-
tions of the evaporator 10 by increasing and de-

creasing the temperature differential between

these portions. These portions in the present
disclosure are sections 11 and 12. When the
relative humidity of the air to be conditioned

45 Is relatively high, the section 12 is arranged to
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operate at a low temperature and the section 7]
at a relatively high temperature. The tempera-
ture of the section 12 at this time will be low
enough to cool a portion of the air to below its
dew point and the amount of heat units removed
by both sections is sufficient only to maintain the
temperature of the air in the room between its
predetermined fixed high and low temperature
limits.

The relative amount of heat units absorbed
by sections i1 and 2 is controlled by a valve 35
which valve is controlled by a humidostat 36.

Valve 35 includes a main body 36¢ forming a

cylinder 31. The cylinder is provided with an
inlet 38 which is connected with the outlet of
section 11 and is provided with an outlet 39 which
connects with the inlet of section 12. A pressure
balanced piston 4! is disposed in the cylinder
and is provided with two heads 42 and 43 which
are connected with one another by a neck 44.
The bottoms 46 of metal cups 47 are sealed to
the opposite erids of the piston 41 and the lips of
the cups are sealed to ends of metal bellows 48.
The opposite ends of the bellows 48 are sealed to
the opposite ends of the main body 362, By this
construction the ends of the cylinder 371 are
sealed. The interiors of the bellows 48 are inter-
connected through the passage 59 in the piston
41 whereby the pressures within the bellows are
equal. Cups 51 and 52 are sealed with the op-
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posite ends of body 362 and inclose the bellows 48.
A sleeve 53 is sealed with the cup 51 and is pro-
vided with an outwardly extending end 55 which
is internally threaded to receive a fitting 56 and
is provided with an end 51 which extends within
a cup 41. A coil spring 59 is disposed between
the end of fitting 56 and the bottom of cup 41
and normally urges the piston 41 to the right.
A bolt 60 is attached to the end of piston 41 and
extends through the fitting 56. Nuts 671 are
threaded on the end of bolt 60 which are ar-
ranged to engage the end of fitting 56 for limit-
ing the right hand movement of piston 4(. A
rubber end cover 62 is carried by the sleeve end
55 to prevent moisture ladened air from entering
cup 41.

A volatile fluid containing bulb 64 is secured to
the cup 52 and connected with the chamber 65
formed thereby so that the pressure on the ex-
terior of bellows 48 is the same as the pressure
the bulb. An electrically operated heater 66 sur-
rounds the bellows and is controlled by the
humidostat 36. It will be observed, that when
the pressure in chamber 65, acting on bellows 48,
is sufficient to overcome the resistance offered by
spring 59, the piston 41 will be moved to the left.

The piston 41 is shown in its right hand posi-
tion in which position only g restricted flow of
refrigerant can flow about the right hand end of
head 42. The size of this passage can be regu-
lated by adjusting the nuts 4¥1. When the heater
66 is energized, the pressure of the volatile fluid
in bulk 64 and chamber §5 is increased sufficiently
to move the piston 41 to the left to enlarge the
passage at the right hand end of head 42 whereby
an Increased flow of refrigerant is permitted from
section 11 to section 12.

The operation of the compressor I8 causes
gaseous refrigerant to be withdrawn from the
evaporator 0. The liquid refrigerant under high
pressure is delivered to the liquid receiver 20. A
float 10 within receiver 20 controls the expansion
valve 18 by permitting the same to escape into
feed pipe (3 at the rate liquid refrigerant is deliv-
ered to the receiver. Refrigerant will continue
to flow through the evaporator 10 until the tem-
perature of the air to be conditioned is reduced
to a predetermined minimum at which time the
thermostat 34 will operate the snap switch 23 to
interrupt the motor circuit. The compressor {8
will remain inactive until the temperature of the
air is raised to a predetermined maximum .t
which time the thermostat will close switch 23 to
establish the motor circuit. . The snap switch 23
includes a metal bellows 72 which is connected
with the bulb 34 by a tube and this system con-
tains a volatile fluid which causes expansion and

‘contraction of bellows 72 in accordance with in-

crease and decrease in temperature within room
24, The bellows 12 is arranged to move a mov-
able contact T4 into and out of contact with a
stationary contact 15 through a series of levers
1T and 18 and a spring 19. Contacts 14 and 715
are connected to the mains 80 and 81 which are
controlled by a line switch 82. The humidostat
36 and the heater 66 are connected to the mains
as follows: main 80, wire 84, humidostat 36, wire
85, heafer 66, wire 86 and main 8{. The fan
motor 29 is connected as follows: main 80, wires

‘84 and 88, motor 29, wires 89 and 86 and main 81,

When the relative humidity is low, the humi-
dostat 36 causes heater 66 to be connected where-
by the flow of refrigerant from section Il of the
evaporator 10 to section 12 is unrestricted.
Therefore, at this time, both sections {1 and §2
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will operate at the same temperature or sub-
stantially so. Both sections then operate to re-
move primarily sensible heat from the air. If
however, the relative humidity increases to a pre-
determined maximum, the humidostat 36 will
operate to discontinue the flow of current %o
heater 56 and in that event, the valve 35 will
operate to restrict the flow of refrigerant from
section 11 to section {2. By restricting the flow
at this point, the pressure in the section {2 will
be decreased and the pressure in section #1 will

be increased which in effect provides a colder

temperature in section {2 and a warmer tempera-
turé in section 1. The air passing over section
12 will be cooled, by this relatively cold section to
considerably below its dew point so as {0 cause
precipitation and a consequent removal of more
moisture from the air. Subject to the control
of the refrigerating system by the thermostat 34,
the system will continue to operate with the sec-
tions 11 and (2 at materially different tempera-
tures until the relative humidity of the room is
lowered to the minimum humidity adjustment of
humidostat 36 at which time the heater §6 will ba
energized again to remove the restriction offered
by valve 38 and then the sections will again oper-
ate under equal pressures.

Thus it will be seen that I have provided an air
conditioning system which maintains the air to
be conditioned between predetermined limits by
controlling the amount of refrigerating mediura
flowing therethrough and I have provided an air
conditioning system which removes moisture
from the air, when desirable, by varying the tem-

3 perature differential between sections of a heat

absorber by varying the flow of refrigerant me-
dium from one of the sections to the other. In
this manner it is not necessary to reduce the
temperature of all of the air civeulating through
the conditioner, which method would 2i times
necessitate the. cooling of the air below its de-
sired minimum, but by increasing the tempera-
ture of one of the sections, at the time the other
is lowered to a value sufficient to remove mois-
ture, the mean: ternperature of the air leaving the
conditioner is no lower than when the sectlons
are operating o) remove primarily only sensible
heat from the air. N

In the form of the invention shown in Fig. 3;
the motor circuit is not only controlled by the
thermostat 34 but also by the humidoestat 36.
The circuit to the motor is controlled by two
switches 91 and 82 which are connected in par-
allel. Switeh 31 includes a magnet coil 88, an
armature 94, contacts 85 and 96. A spring 37
tends to hold the contacts 95 and 96 apart. When
the coil 33 is deenergized to complete a cireuit
to the motor as follows: main 80, contacts 8% and
38, wire 898, motor 22 and main 8f. Swilch 82
includes a magnet coil {80, an armature 101,
contacts 102 and (08. A spring (88 holds the
contacts 102 and {83 tozether when the coil (09
is deenergized and when the coil (00 is deener-
gized a circuit to the motor 22 is made as fol-
lows: main 80, wire (08, contacts (93 snd 102,
wire 181, motor 22 and main 81, Therefore if
coil 98 is energized or if coll {00 is deenergized,
a circuit is completed to the motor.

The humidostat, in addition to controliing the
heater coil 86, controls the magnet coll 189, The
circult for the heater 66 and coil {88 includes
main 88, wire 84, humidostat 36, wive 88, heater
88, wire {89, coil 108, wire 110 and main 8. When
the relative humidity is at or below a predeter=~
mined minitowm, the humidostat causes & circuib

.and 96,

to be compieted through heater 66 and coil 129
whereby the flow of refrigerant through valve 35

is unrestricted and the motor controlling com-

tacts 102 and 193 are separated. If however, the
relatlve humidity is too high, the humidostat will

cperate to cause the circuit to heater coil 88 and

magnet coil {38 to be Interrupted whereby valve
35 will restrict the flow of refrigerant from sec-
tion {{ and will permit contact 183 to engage
contact 102 to complete the motor circuit. Thus
the refrigerating apparatus is controlled directly
by the humidity of the air to be conditioned.
The thermostat 34, in addition to controlling
the mofor circuit, also conirols the flow of re-
frigerant from section (1 of the.evaporator o
sectiom 12. A valve 112, similar io valve 35 is
interposed between valve 35 and section 12. T
includss a heating coil 113 which, when deener-
gized, restricts the flow of refrigerant through
the valve {12, The hesting coil {13 is connected
in series with magnet coil 38 and is controlled by
thermostat 34 through the following cireuit:
main 89, wire 84 and (!5, thermostat 34, wire
118, heating coll 113, wire 117, magnet coil 83,
wire 118 and main 81.
air to be conditioned is at or below a predeter-
mined minirum, the therinostat 34 is in a con-
dition in which the circuit through coils 143 and
93 1s interrupted whereby the fiow of refrigerant

through valve 112 is restricted and motor con- &

tacts 93 and 86 are ssparated. If the tempera~
ture of the air increases to above a cerfain de-
gree, the thermostat 38 closes the circuit through
coils 143 and 93 {o remove the restriction of valve

{12 and causes the motor contacts 45 and 95 &o ¢

engage one another. The motor 22 will then op-
erate the compressor 18 causing the temperature
of the evaporator to lower until the air in the
room is decreased to a predetermined mininuim.
The flow of vefrigerant from section 11 to section
12 will not he restricted if the humidity of the
alr is at or below a predetermined minimuwm but
if, the relative humidity of the alr increamses
above such minimum, the humidostat will opers
ate to break the circuit through heasting coil 88
and magnet coil (88 to cause the valve 38 to e~
strict the flow therethrough and close the cone
tacts 192 and 183, The evaporator seciions 11
and 12 will then operate at different tempera-

tures until the relative humidity is lowered to the &

desired predefermiined minimum salthough the
thermostat 34 has operated o bresk contacts 85
It thermostat 34 has so operated, valve
112 will further restrict the flow of refrigerant

from section Il to section 12 so 2s to cause 2 &

wider differential in temperature between these
sections and a conseguent greaber precipifation
of moisture with 2 slow decreasing of the mean
temperature of the air leaving the cabinet.

When the relative humidity of the air is below, g0

for egample 50%, and the air requires cooling,
the sections 1! and 12 operate at the same tem-
persture or substantially so. The valves 35 and
112 can be adjusted so that when the relative
humidity of the air is tco high and the lemper-
ature of the air is too high, valve 88 will main-
tain, for example, the suction temperature of the
refrigerant in evaporator at 80° P. and that in
section {2 at 38° F. and when the tempersiure

of the air is at its desired minimum and the ¢

relgtive hummidity is still too high, the combined
restrictions of valves 35 and 112 will maintain,
for example, s suction temperature of the refrig-

If the temysrature of the &

1B
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erant in section {{ at 70° ¥ and that in section

i2 at 34° &,
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Thus it will be understood that this system
functions differently under three different condi-
tions of the air. When the humidity is substan-
tially proper, sections f{l and 12 operate at sub-
stantially the same temperature. When the hu-
midity of the air is relatively high and when the
air should also be cooled, valve 3% will cause the
section {1 to be increased and the section 12 to
be decreased in temperature. And when the air
is reduced to the desired low temperature but the
humidity is still too high for comfort, the valve
112 causes a further increase in differential be-
tween sections It and 12 to cause a removal of a
relatively large amount of moisture from the air.

Under certain conditions, it will be desirable
to cause some precipitation of moisture at the
sections 11 and 12 when the valves 35 and (12
are open, and it is to be understood that when
said section or portion Il is referred to as func-
tioning to remove principally sensible heat, such
terms are used merely to define the main func-
tional purpose of the section as distinguished
from the main functional purpose of section or
portion 12 at the time valves are closed.

‘While the forms of embodiments of the pres-
ent invention as herein disclosed constitute pre-
ferred forms, it is to be understood that other
forms might be adopted, all coming within the
scope of the claims which follow.

I claim:

1. The process of cooling and dehumidifying air
which comprises causing the air which is to be
conditioned to circulate in heat exchange rela-
tion with & portion of an evaporator of a me-
chanical refrigerator, and in heat exchange re-
lation with another portion of the evaporator,
causing refrigerating medium to flow first
through the first mentioned portion of the evap-
orator and then through the second mentioned
portion, controlling the heat exchange bhetween
the air and the evaporator in accordance with
the temperature and relative humidity of the
air to be conditioned, and while the refrigerating
medium flows through the evaporator, varying
the flow of refrigerating medium from the first
to the second mentioned portions of the evap-
orator in accordance with the change in the rel-
ative humidity and temperature of the air to be
conditioned.

2. An air conditioning system comprising in
combination, a refrigerating system including an
evaporator, said evaporator including a first por-
tion and a second portion connected with the
first portion for receiving refrigerant therefrom,
and means intermediate said portiouns for con-
trolling the flow of refrigerant from—the -first to
said second mentioned portions of the evapora-
tor in response to changes in the relative humid-
ity of the air to be conditioned. .

3. An air conditioning system comprising in
combination, a refrigerating system including an
evaporator, said evaporator including a first por-
tion and a second portion connected with the
first portion for receiving refrigerant therefrom,
means for controlling the heat exchange between
the air and the evaporator in response to the
temperature of the air to be conditioned, and
means intermediate said portions for controlling
the flow of refrigerant from the first to said sec-
ond mentioned portions of the evaporator in re-
sponse to changes in the relative humidity of the
air to be conditioned.

4. The process of cooling and dehumidifying
air which comprises causiug the air which is to
be conditioned to circulate in heat exchange re-

2,222,237

lation with a portion of an evaporator of a me-
chanical refrigerator, and in heat exchange re-
lation with another portion of the evaporator,
causing refrigerating medium to flow first
through the first mentioned portion of the evap-
orator and then through the second mentioned
portion, controlling the heat exchange between
the air and the evaporator in accordance with
the temperature of the air to be condifioned, and
while the refrigerating medium flows through
the evaporator, controlling the flow of refriger-
ating medium from the first mentioned portion
to the second mentioned portion in accordance
with changes in relative humidity and tempera-
ture of the air to be conditioned.

5. The process of cooling and dehumidifying
air which comprises causing the air which is to
be conditioned to circulate in heat exchange re-
lation with a portion of an evaporator of & me-
chanical refrigerator, and in heat exchange re-
lation with another portion of the evaporator,
causing refrigerating medium to flow first
through the first mentioned portion of the evap-
orator and then through the second mentioned
portion, controlling the heat exchange between
the air and the evaporator in accordance with
the temperature of the air to be conditioned, and
while refrigerating medium flows through the
evaporator, varying the flow of refrigerating me-
dium from the first mentioned portion of the
evaporator to the second mentioned portion in
accordance with the changes in the relative hu-
midity of the air to be conditioned.

20
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6. An air conditioning system comprising in .

combination, a refrigerating system including
an evaporator, said evaporator including a por-
tion, and including a second portion connected
with the first portion for raceiving refrigerant
therefrom, means responsive to the relative hu-
midity and the temperature of the air to be con-
ditioned for controlling the heat exchange be-
tween the air and the evgporator, and means in-
termediate said portions for controlling the flow
of refrigerant from the first to said second men-
tioned portions of the evaporator in response to

35
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changes in the relative humidity of the air to be

conditioned.

7. An air conditioning system comprising in
combination, a refrigerating system including an
evaporator, said evaporator including a portion,
and including a second portion connected with
the first portion for receiving refrigerant there-
from, means responsive to the relative humidity
of the air to be conditioned for controlling the
heat exchange between the air and the evapora-
tor, and means intermediate said portions for
controlling the flow of refrigerant from the first
to said second mentioned portions of the evap-
orator in response to changes in the relative
humidity of the air to be conditioned.

8. The process of cooling and dehumidifying
air which comprises causing air, which is to be
conditioned, to circulate in heat exchange rela-
tion with a portion of an evaporator of a me-
chanical refrigerator, and in heat exchange re-
lation with another portion of the evaporator,
causing refrigerating medium tc flow from one
of the portions to the other, and while refrig-
erating medium flows through the evaporator,
varying the flow of refrigerating medium from
said one portion to said other portion in accord-
ance with the change in the relative humidity of
the air to be conditioned. )

9. The process of cooling and dehumidifying

50
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air which comprises causing air, which is to be 75
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conditioned, to circulate in heab exchange rele-
tlon with a portion of an evaporator of & me-
chanical igerator, and in heal exchange re-
lation with another portion of the evaporator,
cousing refrigerating. medium to flow from one
of the portions to the other, and while the re-
frigerating medium is flowing through the evap-
orator, varying the flow of refrigerating medium
from said one portion to said other portion in
asccordance with changes in the relative humid-
ity and temperature of the air to be conditioned.

10. An air conditioning system comprising, in
combination, a refrigerating system including an
evaporator, said evaporator including a first por-
tion and a second portion connecfed with the
first portion for receiving refrigerant therefrom,
and means intermediate said portions responsive
to changes in the relative humidity and the fem-

B
perature of the air to be conditioned for vary-
ing the Aow of refrigerant frowm the frst to the
second mentioned portion.

11. An air conditioning sysbem comprising, in
combination, g refrigerating system including an
evaporator, said evaporator inciuding o first por-
tion and 8 second portion comnected with the
first portion for receiving refrigerant therefrom,
end means responsive to the relative humidity
and temperature of the air to be conditicned for
controlling the heat exchange between the air
and the evaporator, and means intermediate sald
portions responsive to the relative humidity and
temperature of the sir fo be conditioned for
varying the flow of refrigerant from the first to
the second mentioned portion of the evaporator.

LAWRENCE 4. PEILIPP.
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