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This invention relates to air conditioning sys-
tems and more _particularly to systems of the
type utilizing absorption or adsorption type de-
humidifiers for dehumidifying the air.

In systems of this type which utilize silica-gel
or other hygroscopic dehumidifying material for

condensing the water from the air, it is necessary -

to provide for reactivating the dehumidifying
material at intervals in order that the material
may continue its dehumidifying action. This is
done by heating the material for driving off the
collected water vapor. Due to the fact that a
single bed of dehumidifying material cannot re-
main in use continuously but must be reactivated,
-," 1t has become usual to provide a pair of separate
beds and to reactivate and place these beds in
operation in alternation. Thus while one bed is
being reactivated, the other bed of material is
dehumidifying the air being conditioned.
Heretofore it has been customary to reverse the
operation of the dehumidifier by means of a timer
which operates to reverse the operation periodic-
ally. - This type of control, while being satis-
‘Tactory for certain load conditions on the sys-
tem is wasteful during periods of light load, and
may not provide for sufficient reactivation dur-
ing periods of heavy load. This wasteful oper-
ation of the system during light load periods is
due to the fact that in order to reactivate a bed
of material it is necessary to heat the bed suf-

ficlently for driving off the water contained there-

in. ‘This requires, in the first place, the sup-
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the system efficiency for lighter loads will be low-
ered still further. e ‘

It is an object of this invention to provide a
control system  for dehumidifiers of this type-
which provides for reactivating the dehumidify-

ing material in accordance with the actual load

- upon the dehumidifier, thereby reducing reversal -

losses of the dehumidifier to a minimum, while
at the same time obtaining the necessary amount
of dehumidification for all load conditions.

More specifically it is an object of this inven-
tion to provide a control system for controlling
a dehumidifier of thig general type in accordance
with the temperature of the dehumidified air
leaving the dehumidifier.

Another object of this invention is the provi-
sion of a reactivating control arrangement for
& dehumidifier which controls the supply of re-

-activating heat in accordance with the condition

of the material being reactivated, thereby sup-
plying just enough reactivating heat to efficient-
ly obtain the necessary reactivation.

A further object of this invention is the pro-
vision of a reactivating arrangement for a de-
humidifier which secures the reactivation by
passing heated air through the dehumidifying
material, and which recirculates a portion of this
reactivating air thus reducing to & minimum the

- amount of heat necessary for reactivation of the
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plying of a considerable quantity of heat to the .

bed. Then due to the bed being hot at the end
of its reactivating period, it must be cooled which
involves an additional loss. If this bed is cooled
by passing cooled air therethrough the bed will
act to dehumidify this cooling air and thus pick
up water, thus losing a portion of its dehumidi-
fying effect.
not cooled before passing the air being dehumidi-

fled therethrough, the bed will heat this air ex- -

cesslvely  thereby throwing an additional load
upon.the cooling system. Therefore, each time
that' the dehumidifying apparatus is changed
from dehumidifying to reactivating, a definite loss
occurs. If this reversal is controlled by a timer,
the reversals will occur more frequently than
necessary, thus causing the efficiency to be low-
ered. . Also, unless the timer is set to provide
for reversing the dehumidifier at a sufficient rate
to carry the maximum load, the system will not
provide sufficient dehumidification during heavy
load periods. On the other hand if the timer is

set to provide for carrying maximum load, then 55

On the other hand if the bed is
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material, . ‘

Still another object of this invention is the
provision of an air conditioning system utilizing
the type of dehumidifier mentioned, and which
utilizes the air cooling system for ‘supplying ad-
ditional reactivating heat when the dehumidify-
ing load becomes excessive while the cooling load
is light. )

Other objects of this invention le in various
combinations and sub-combinations of the con-
trol system and will become apparent from the
following description and appended claims,

For a full disclosure of my invention reference
is ' made to the following detailed description and
to the accompanying drawing, the single figure of
which illustrates diagrammatically an air con-
ditioning system embodying the novel features of
my invention. :

Referring to the drawing, reference charac-
ter | indicates a conventional type silica-gel de-
humidifying unit. This unit consists of & casing
which is divided into passages 2 and 3 by means
of & partition 4. These Pbassages 2 and 3 each
contain perforated or screen bottom pans § and’
€ for retaining the silica-gel or other drying
medium. At the bottém of the dehumidifying
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unit is an inlet T for air to be conditioned, and
this inlet is connected by duct 8 to a duct 9 which
supplies the air to be dehumidified to the de-
humidifying unit. This duct 9 may either sup-
ply all outside air to the unit or may supply to
this unit a mixture of outside air and air with-
drawn from the space being conditioned. At the
top of the dehumidifying unit | is an outlet 10
for discharging dehumidified air . This outlet 10
is connected by a duct 11 to a conditioning cham-
ber 12 which contains a precooling coil 13 and
a direct expansion cooling coil 4. This condi-
tioning chamber 12 is connected to a fan (5
which acts to draw air to be conditioned through
the dehumidifying unit | and the conditioning
chamber 12, this fan discharging the air to the
space being conditioned through a discharge
duct 16. '

In order to control the relative humidity within
the space, a by-pass duct 1T is provided be-
tween the supply duct 9 and the duct (f for
thereby permitting air to be by-passed around
the dehumidifying unit {. The proportions of
air passed through the dehumidifying unit and
by-passed therearound are controlled by means
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of dampers 18 and 18 which may be actuated

by means of a proportioning motor 20. This
motor may be of the type shown and described
in the Taylor Patent 2,028,110 issued January

14, 1936, and is adapted to be controlled by 30

means of a potentiometer controller, assuming
intermediate positions in accordance with the
position of the potentiometer slider upon its
resistance. In the present case, this motor 20 is
controlled by means. of a potentiometer type
space relative humidity controller 21.  This con-
troller may be of any suitable construction and

is diagrammatically illustrated as comprising &

bell crank lever pivoted at 22 and having an
actuating arm 23 and a control arm or slider 24
which cooperates with a resistance 25 to form
_ a control potentiometer for the motor 20. The
actuating arm 23 may pe connected to a hu-
midity responsive. device 26 which may comprise
a plurality of strands of hair or other moisture
responsive material. Upon. an increase’ in rel-
ative humidity within the space, the strands 26
will’ increase in length for permitting movement
of slider 24 to the left across resistance 25 under
the action of a spring 21, this action causing the
proportioning motor 20 to move damper 19 to-
wards closed positipn while moving damper 8
towards open position. This will increase the
proportion of the air passed through the de-
humidifying unit, this tending to counteract the
rising space relative humidity. Upon a de-
crease in relative humidity the strands 26 will
decrease in length which will cause movement of
motor 20 in the opposite direction for decreas-
ing the amount of air passed through the de-
humidifier. _

The space relative humidity controller 21 is

also provided with an auxiliary switch which

is diagrammatically illustrated as comprising a
mercury switch 28 which is arranged so as to
remain in open position as long as the slider 221is
not engaging the left hand end of resistance
25. However when the relative humidity rises
to an excessive value which causes the slider
22 to engage the left hand end of resistance 265,
the mercury switch 28 will be tilted sufficiently.
for bridging its electrodes. The purpose of this
auxiliary switch will become apparent as - this
description proceeds. .

Referring again to the dehumidifying unit |
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it will be understood that the dehumicifying
substance accumulates water and must occa-
sionally or periodically be reactivated in order
that it may continue its dehumidifying action.
In order to provide for continuous dehumidifica-
tion it is necessary to provide at least two sep-
arate beds of dehumidifying material and re-
activate one of these beds while the other is in
use for dehumidifying the air. In order to pro-
vide for reactivating the dehumidifying material
the dehumidifying unit { is provided with- an
inlet duct 30 which conveys heated air for reac-
tivation into the unit 1. This inlet duct 30 ex-
tends to the center of the casing and is pro-
vided with dampers 3f and 32 which are con-
nected together by means of s link 33. At
the lower part of the dehumidifying unit is an
outlet duct 34 for the reactivating air. This
outlet duct extends into the casing and is pro-
vided with dampers 35 and 36 which are con-
nected together by a link 31. All of these dam-
pers are actuated in unison through any suit-
able linkage which is diagrammatically illustrat-
ed as including bell crank levers 38 and 39 and
links 40, 41, 42, and 43 by means of a motor -
generally indicated as 44. This motor is pro-
vided with an operating shaft 45 carrying a
lever 46 to which the link 43 is attached. When
the lever 46 is in the position shown the dampers
will assume their full line positions which causes
air for reactivation to pass from inlet duct 30
through the passage 2 to the outlet duct 34, while

‘causing air to. be dehumidified to flow from inlet

1 through the passage 3 to the outlet 10. When
the lever 46 assumes a position 180° from the
position shown the dampers will be shifted to
their dotted line positions which will cause the

.air for reactivation to pass downwardly through

the passage 3 to the outlet duct 34, while caus-
ing “air to be dehumidified to flow from inlet

71 around duct 34 through passage 2 and around

duct 30 to the outlet 10, The motor 44 there-
fore acts to reverse the operation of the de-
humidifying unit for alternately - causing the
material in one passage to be reactivated while
the material in the other passage dehumidifies
the air being conditioned, and vice versa.
Referring now to the arrangement for pro-
viding reactivating air for the dehumidifying
unit 1, reference character 48 indicates a duct
which supplies outside air, this duct being con-
nected to the inlet of a fan 49. This fan in
turn discharges air through a duct 50 into a
heating chamber 51 which in turn is connected
to the inlet duct 30 of the unit {. The outlet
duct 34 within the unit i is connected to a duct
52 which leads back to the inlet of fan £9. A
discharge duct 53 is connected to the duct 52
so as to discharge a portion of the air passing

‘through this duct. Located within the heating

chamber 51 is a heater 54 which may be of any
suitable type including a gas burner 55 which
is controlled by means of & thermostatic valve
56 which is responsive to the temperature of

. the reactivating air passing through the duct
-§2, this valve 56 having a thermostatic bulb §8a

located within the duct 52. The heating cham-
ber 51 also includes an auxiliary heating coil 51.
In operation the fan 49 draws fresh air through’
the heating chamber 51 where it is heated to &
temperature which is sufficiently high for driv-
ing off the water from the dehumidifying ma-
terial within the unit. The air after passing
through the dehumidifying unit passes through
the duct 52 back to the inlet of the fan 49 and
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is thus mixed with the fresh air being passed
into the heating chamber 51, A portion of this
air, however,
charge duct 53. The amount of air which is
recirculated in this manner may be varied as
desired by means of dampers 58 and 59 located
in ducts 48 and 52, respectively. Due to this
recirculation of a portion of the reactivating air,
the fresh air being supplied for reactivation. is
preheated. -This preheating is obtained without
& proportionate reduction in reactivation effect
of the air, as the recirculated air is still capable
of absorbing considerable water. This recir-
culating of the reactivating air thus provides
for decreasing the operating expense of the
system. .

A further economy in ‘operation is obtained by
the control of the heater 55 in accordance with
the temperature of the reactivating air leaving
the dehumidifier. When the dampers are posi-
tioned for reactivating a bed of dehumidifying
material which has just been in operation, this
bed will be relatively cool and consequently the
temperature at the thermostat bulb 57 will de-
crease which will open valve 56 wide for operat-
ing the heater 54 at maximum capacity. At this
time the bed of dehumidifying material being
reactivated will be saturated with water and
consequently this water will evaporate rapidly
which will cause the reactivating air to be cooled
considerably as it passes through the bed. Ag
the reactivation continues, the amount of water
in the gel bed being reactivated is progressively
decreased and consequently less cooling of the
reactivating air occurs as it passes through the
gel bed.. This will cause the temperature of the
reactivating air leaving the dehumidifier to tend
to rise. However in response to this rise in tem-
perature the valve 56 will decrease the supply of
gas to the burner 55 gnd thereby decrease the
amount of heat supplied to the reactivating air.
Thus the valve 56 acts to prevent the reactivat-
ing air from being discharged from the unit at
a temperature higher than necessary to secure
efficient reactivation and thus materially con-
Serves on operating expenses of the system. It
will be apparent that by controlling the heater
54 in accordance with the temperature of the air
being discharged from the heater, and the re-
circulation of the reactivating air provides for
materially reducing the operating expense of the
system as compared to systems heretofore
utilized in which no recirculation is provided and
in which the heater operates continuously at the
same rate,

Referring now to the motor 44 which drives
the dampers from one Position to another, this
motor may comprise a rotor 68 and a field coil
61 which together form an induction motor. The

rotor 60 drives the operating shaft 45 through g

gear train 62. This shaft 45 in
ating the operating lever 46 also actuates’ the
switch arm 63 of g switching mechanism gener-
ally indicated as 64. This switching mechanism
comprises a pair of contact buttons 66 and 671
which are located 180° apart, and contact seg-
ments €8 and 69. This motor 44 is controlled by
the conjoint action of a timer 10 and a thermo-
stat 11 Referring to the timer 10, this timer
may include bimetallic element 12 which is fix-
edly secured at its upper end, and which carries
contacts at its lower end cooperating with con-
tacts 13 and 74. The bimetallic element 12 is
subjected to the influence of & heating element
15 which may be adjustable as indicated. When

addition to actu-

is discharged through the. dis- -

. for engaging contact 14,

10

3

the heating element 15 is energized, the bimetal-
lic element 72 will warp to the left for contacting
the contact 73. However, when the heating ele-
ment 15 is deenergized, the bimetallic element -
12 will cool which causes it to warp to the right .

Referring to the thermostat 71, this thermo-
stat may be of any suitable type and:is illus-
trated as comprising 3 bellows 16 which is con-
nected by a capillary tube 71 to a control bulh
18 located within the duct fI. The bellows 16
actuates a switch carrier 19 which carries a mer-
cury switch 80. When the temperature of the

- dehumidified ajr leaving unit 1 is above a pre-
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determined- value such as 100° F. the bellows 16
will be expanded sufficiently for tilting the mer-
cury switch 80 to open position, However, when
the temperature of the dehumidified air falls
below this value the bellows will contract for
“tilting mercury switch 80 to closed position,

When the ajr being  dehumidified passes
through the dehumidifying material, the hygro-
scopic effect of this material causes the water
vapor in the air to condense, thus causing the
latent heat of evaporation of the condensing
water vapor to be transferred to the air, This
latent heat of evaboration-causes the air to be
considerably raised in temperature and conse-
quently the air leaving the dehumidifying unit
will be quite hot and above the setting of thermo-.
stat 11 as long as the dehumidifying material is
operating satisfactorily.  However as air con-
tinues to fow through the dehumidifying mate-
JTial this material gradually becomes saturated
with water and consequently does not absorb as
much water vapor from the air, Consequently
less latent heat of evaporation will be transferred
to the air and this wil cause the temperature
of the air leaving the dehumidifying unit o grad-
ually fall. When the temperature of the de-
humidified air falls to a value indicating that the -
dehumidifying materia] requires reactivation, the.
bellows 16 of the thermostat 11 will contract suf-
ficiently for causing - closing of the mercury
switch 80,

is quite active ang the temperature of the de-
humidified air ig sufficiently high for causing the
thermostat 71 to open its mercury switch 80, At
this time the heating element 15 of timer 10 is
energized as follows: line wire 82, wire 83, motor
field coil 61, wire 84, switch arm 63, contact but-
ton 81, wire 84qa, heater 15, wire 85, and wire 86
to line wire 87. It will be noted that this ener- -
gizing circuit is through the motor field coil 61,
However, due to the resistance of the heater 1785,
the current flow through this circuit will be in-
‘sufficient for operating the motor. The heating
element 710 will gradually heat up and after 3
Pperiod of time, such as two minutes, will caluse
the bimetallic ‘element 72 to eéngage contact 73.
At this time no action will occur and the heating
element will remain energized and the bimetallic
element 72 will remain engaged with contact 73,
Eventually the dehumidifying materia] within
the passage 3 of unit 1 will become saturated and
the temperature of the dehumidified air will fall
below the setting of thermostat 7f. Duye to the
resulting closure of mercury switch 80 an ener-
gizing circuit for the motor 44 will be established
as follows: line wire 82, wire 83, field coil 61, wire
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84, switch arm 83, contact button 67, wire 8da, rial is quite hot and imposes a substantial cooling
contact 13, bimetallic element 12, wire 88, mer- load upon the system due to the air being first
cury switch 80, wire 89, and wire 86 to line wire passed through this hot bed and then into cou-
81. This energization of field coil 61 will cause tact with the cooling apparatus. In systems
rotation of the shaft 45 in a clockwise direction 5 heretofore in use this reversing of the dehumidi-
and the switch arm 63 will engage the contact fying unit has been controlled by means of &
segment 68 while disengaging the contact button timer which reverses the dampers periodically
61. . Due to the engaging of switch arm 63 with regardless of the load upon the system. Thus
contact segment 68 the field coil 61 will remain during light dehumidifying load conditions the
energized as follows: line wire 82, wire 83, fleld 10 dehumidifier is reversed considerably more than
coil 61, wire 84, switch arm 63, contact segment necessary thus imposing an unnecessary cooling
68, wire 90, wire 89, and wire 86 to line wire 81. load upon the system and also consuming an un-
The operating shaft 45 of motor 44 will thus ro- necessary amount of gas or other heating me-
tate through 180° at which time the switch arm dium for heating the reactivating air. By con-
63 disengages the contact segment 68 and en- 15 trolling the dampers in accordance with the ac-
gages the contact button 66. At this time the tual condition of the dehumidifying material in
field coil 6 will become deenergized and the mo- operation, the losses due to reversal of operation
tor will stop with the dampers in their dotted of the dehumidifying unit are reduced to a min-
line positions. Due to the air being dehumidified imum. -

now flowing through & freshly reactivated bed of 99 Also by controlling the dampers in this man-
dehumidifying material the ‘temperature of the ner, it is assured that the dampers will be shifted
dehumidified air will rise in a short period of frequently enough during periods of maximum
time for causing the‘thermOStat 11 to reopen its load for properly carrying the load. In this con-
mercury switch 80. Also due to the switch arm nection, it should be noted that before the damp-
63 now being disengaged from the contact but- o5 erscan be shifted, the timer 10 must either heat
ton 61 the energizing circuit for the heater 15 - or cool. This provides for a positive minimum
will be broken and consequently this heater will time period for each cycle and thus prevents the
now be deenergized. This will permit cooling of system from cycling too often.

the bimetallic element 12 for permitting it to en- /It should be noted that during light dehumidi-
gage contact 18. Eventually the dehumidifying 30 fying load conditions the bed of material which
material within the passage 2 will become satu- - is being reactivated will become fully reactivated

rated and the mercury switch 80 of thermostat a considerable time before the bed of material

71 will close. This wiil establish an energizing in operation becomes saturated. At this time the

circuit for motor field 61 as follows: line wire 82, reactivated bed of dehumidifying material will

wire 83, motor field coil 61, wire 84, switch arm 35 absorb no more heat and consequently the ther-

63, contact button 66, wire 91, contact 14, bime- mostatic valve 56 will close substantially for

tallic element 712, wire 88, mercury switch 80, reducing the supply of gas to the burner 55.
wire 89, and wire 86 to line wire 81. This will ~ Due to the feature of recirculating a portion of
cause rotation of the shaft 45 again in & clock- the reactivating air only a relatively small por-
wise direction and the switch arm 63 will disen- 40 tion of heated air will be discharged through the

‘gage contact button 66 and engage the contact discharge duct 59. Consequently during the
segment 69. Engagement of switch arm 63 with period following completion of the reactivation
the contact segment 69 will establish a holding of one bed and preceding the saturation of the
circuit for maintaining the motor energized until other, the burner 55 will be operated at a very
its shaft 45 is rotated through an angle of 180° 45 low rate thus further increasing the economy of
at which time the switch arm 63 disengages con- the system. The automatic damper control thus
tact segment 69 and reengages the contact but- cooperates with the thermostatic control for the
ton 61. This will cause the dampers within the heater, and the reactivating air recirculating
dehumidifying unit to be repositioned to their arrangement for decreasing the operating ex-
full line positions as shown, and will also reestab- 50 pense of the system to a minimum.

. Hsh the energizing circuit for heater 15 which In accordance with my invention I also provide
will cause the bimetallic element 12 to reengage for supplying additional heat for reactivation
the contact 13. This cycle of operation will be . when the dehumidifying load upon the system
repeated continuously. . becomes very heavy and the cooling load upon

From the foregoing it should be noted that the 55 the system is light. Preferably this supplying
thermostat 11 and the timer 10 cooperate to con- of additional reactivating heat is performed by
trol the damper motor 44 in a manner to shift the cooling system which is operated upon the .
the dampers of the dehumidifying unit only reverse cycle for thus supplying heat when the
when the dehumidifying material in operation cooling system is not necessary for cooling the
becomes saturated or ineffective to dehumidify go space. Referring now to the refrigeration system
the air. This arrangement further provides for and controls, reference character {00 indicates &
decreasing the operating expense of the system. compressor which may be driven by a motor 101
1t will be apparent that with a dehumidifying under the control of an automatic starter 102.
system of this type & certain amount of heating This automatic starter may be of the usual type
load must be thrown upon the cooling system, g5 including a relay coil 103 which actuates the
and a certain amount of additional heat for re- switch arms 104, When this coil is energized
activation must be supplied each time that the- the switch arms $04 will be brought into engage-
operation of the dehumidifying unit is reversed, ment with their respective contacts for complet-
while one bed of dehumidifying material is in ~ ing a power circuit to the motor 181, while when
operation for dehumidifying the space, the other 7o coil 103 is deenergized the motor 101 will be
bed is being highly heated in order to drive the stopped. The discharge of the compressor Is
water vapor therefrom. When the dampers are connected by pipe 105 to the inlets of valves 108
reversed, the relatively cool bed must be heated. and 101. The valve 101 is of the two-position
to this relatively high temperature for reactiva- motorized type, and the valve 106 is similar but
tion while the other bed of dehumidifying mate- 75 is a three-way valve. These valves 108 and 107
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are controlled by means of g relay 108 which
consists of a relay coil 108 which actuates g
switch arm {10 cooperating with contacts {1
and 112, When the relay coil (08 is deenergized
the switch arm 110 will engage contact 112, which
. will complete a circuit from the transformer sec-
ondary {13 through wire 114 to the valves 108
and 107 and back to the transformer secondary
{13 through wire 118, This will cause the valve
107 to close and will cause valve 1068 to assume
& position for placing port {16 into communica-
tion with port 117 while blocking off the port 118,
If the compressor is in operation at this time
refrigerant will pass from the outlet 111 through
pipe 119 into condenser 120, then into recetver
121 and through liquid line 122 to the expansion
valve 123 located at the inlet of cooling coil 4.

The evaporated refrigerant will then flow from:

the cooling coil 14 through suction line 124 to
the suction header {25 which is connected to the
inlet of the compressor. Thus with the relay
coil 109 deenergized, the compressor will operate

to cause chilling of the cooling coil 14 in the

usual manner. Now if the relay coil 109 is ener-
gized 1t will cause switch arm {10 to engage con-
tact 111 which win shift valves 106 and (07 to
their other positions in
be closed, and the valve 188 will be positioned
for blocking off port | 18, and placing ports 117
and (I8 into communication. Now refrigerant
will flow from the compressor through pipe {05
and valve 107 and through pipe 126 to the pre-
‘heating coil 57 located in the heating chamber 51.
This coil will now act as a condenser and liquid
refrigerant will pass from this coil into recetver
127, and from this receiver threugh liquid line
128 to the expansion valve 129 and will pass from
the outlet of this expansion valve' through the
heat exchanger 120 which acts as an evaporator
and absorbs heat from the water or other heat
exchange medium supplied thereto, The evapo-
rated refrigerant then passes from heat ex-
changer 120 through pipe 119 and valve 108 to
the suction header 125 and back to the inlet of

the compressor. From the foregoing description’

it should be apparent that when relay coil fos
is deenergized the refrigeration system wil oper-
ate on the cooling cycle for cooling the air in
the space. However, when the relay coil 109 is
energized, the refrigeration system will operate
on a reversed cycle for supplying additiona) heat
to the reactivating air, and at this time the cool-
ing coil. 14 in the air conditioning chamber is
blaced out of operation. .

Reference character {30 indicates a space ther-
mostat which may consist of ‘g, bimetallic element

131 which actuates a switch arm 132 cooperating .

with contacts 133 and 134. This thermostat may
be 50 designed and adjusted as to cause the switch
arm {32 to engage the contact 134 when the space
temperature rises to 76° P, When the space tem-
perature falls slightly below this value the switch
arm (32 will remain disengaged from both con-
tact 134 and contact 38, When the space tem-
perature falls to 72° F. the switch arm 132 win
engage contact 133, ‘ o
‘Assuming now that the space temperature riseg

to 76° F. the switch arm 132 of thermostat 139

will engage contact 134 which will energize the
coil 103 of the compressor starter as follows: sec-
ondary (35 of transformer f{ 36, wire 131, switch
arm 132, contact 134, wire 188, wire 139, coil
103, wire 140, and wire 14 to secondary - 135,
This will place the compressor into operation
for cooling the space, as the relay coil 108 of the
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‘engage the contact {33.
* coil 109 of relay 108 as follows:

S

relay 108 controlling the valves 108 and 107 will
be deenergized at this time. . Air from the space
will flow through the dehumidifying unit { ang
through the by-pass 11 in proportions deter-
mined by the space relative humidity, and the
heated and dehumidified alr will pass into the
conditioning chamber 12 and will be precooled
by the coil 13 and further cooled by the direct ex-
pansion cooling coil 14.. The compressor 100 will
continue to operate until the space iIs cooled suf-
ficiently for causing the switch arm 32 of ther-
mostat 130 to disengage the contact (34. Thuys

the compressor will be started and stopped for

maintaining a predetermined temperature and

the dampers 18 and 18 will be Dbositioned for

maintaining a desired relative ‘humidity within

the space. Meanwhile the dampers within: the

dehumidifying unit will be shifted from one posi-

tion to another each time that a bed of dehu-

midifying material becomes sufficiently saturated

to require reactivation, and the heater 54 will be

controlled for supplying just the broper amount

of heat necessary for obtaining the necessary

reactivation,

- During relatively damp- and cool weather the
dehumidifying load upon the system fwill be quite
heavy while at this time the cooling load upon
will be sufficiently light as to make
operation of the direct expansion cooling coil {4
Unnecessary. Under such conditions.the relative
humidity will rise to a point for causing the by~
pass 17 to be closed for thereby passing all of
the air being conditioned through the dehumidi-
fying unit. If this fails to carry the prevailing
humiditying load, the relative humidity will in-
crease which will cause the mercury switch 28 of
the humidity controller 2 to be closed. ‘This
switch, it will be noted, is connected in parallel
with the switch arm {32 and contact 134 of the
thermostat {30, and consequently places the
compressor into operatton Independently of the
Space thermostat. If this operation of the com-
bressor is not necessary for carrying the cooling
load upon the system, the space temperature will
begin falling ang finally the switch arm 132 will
This will energize the

transformer sec-
arm {32, contact
wire 143, and wire (41 to
will cause the switch arm

110 to engage contact 111 which will position the
valves 106 and 107 in a manner to place the cool-
ing coil 14 out of operation and to operate the
heating coil 57 as a condenser for thereby ad-
ditionally heating the reactivated air. At this
time, due to the heavy dehumidifying load on
the beds of dehumidifying material, these beds
will require reactivation at frequent intervals
and consequently the beq being reactivated must
be reactivated in a short period of time.
utilization ‘of the compression refrigeration sys-
tem for providing additional heat during periods
when the cooling load is light and the dehumidi-
fying load is heavy provides for supplying the
hecessary additional heat for reactivation In an
inexpensive manner, While the heating coij 51
is'shown in chamber 56, this coil may be located
in fresh air duct 48 if 5o desired, - :

From the foregoing description it should be
apparent that my invention provides g control
system for air conditioning systemg utilizing ab-
sorption or adsorption ‘type dehumidifiers ang
provides for reducing the losses involved in sys-
tems of this type to & minimum and also Pro-
vides for utilizing the refrigeration system of the
air conditioner for supplying gdditiona] heat to

ondary 135, wire 131, switch
133, wire 142, coil 109,
Secondary (35. This
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the reactivating air under conditions wherein the
dehumidifying load is heavy while the cooling
load is light. While I have shown and described
my system as applied to a dehumidifier of the
type wherein the air is shifted from one bed of
material to another it will be apparent that my
invention is equally adaptable to a system uti-
lizing a single bed of material, and to systems
utilizing an arrangement for mechanically with-
drawing the dehumidifying material from the air
path when 1t requires reactivation. Also while I
prefer to control the operation of the dehumidi-
fiér by means of & thermostat responsive to the
- dehumidified air it will be apparent that my in-
. vention is of broader scope and includes the con-
trol of the dehumidifier reversals in accordance
with the actual dehumlidifying load upon the sys-
tem. As. many modifications and adaptations
of my improved control apparatus will cccur to
those skilled in the art I desire to be limited only
by the scope of the appended claims.
I claim as my invention: :
1. In an air conditioning system for controlling
the temperature and humidity in a space to be
conditioned, in combination, a pair of dehumidi-
fying chambers containing a dehumidifying ma-
terial requiring reactivation, means for passing
dehumidified air from said chambers to said
space being conditioned, a cooling device for cool-
ing said dehumidified air, fan means for dis-
_ charging air for reactivation to said chambers,
selective control means for alternately supplying
air for reactivation and air to be dehumidified to
sald chambers in a manner to pass air for reacti-
vation through one of said chambers while pass-
ing air to be dehumidified through the other of
said - chambers, heating means located hetween
said fan means and sald chambers for Heating
‘he reactivation air, means for returning said
reactivation air from said chambers to said fan
means, means for discharging & portion of said
reactivation air and replacing said discharged
portion with fresh air, & compressor
‘sald cooling coil, and to sald heating means,,
change-over valve means for selectively causing
. said compressor to operate said cooling device for
cooling said space or to operate said heating
“means for heating the reactivation air, means re-
sponsive to space temperature and humidity for .
placing said compressor into operation when
either the space temperature or humidity be-
comes excessive, means responsive to a low space
temperature for actuating said change-over valve
means in a manner to operate said heating
means, and means responsive to the temperature
of the dehumidified air for controlling said selec~
tive control means.

2. In an air conditioning system, in combina-
tion, a dehumidifier of the type utilizing a hygro-
scopic material for dehumidifying the air being
passed to a space being conditioned, said de-
humidifier requiring heat for reactivating said
material, means including a refrigeration sys-
tem for cooling the dehumidified air, means re-
sponsive to space temperature and humidity for
placing said refrigeration system into operation
when either space .temperature or relative hu-
midity becomes excessive, and means for caus-
ing said refrigeration system to supply heat for
reactivating said dehumidifying material when

. ‘'space temperature falls to a predetermined low
value. S

3. Inanair conditioning system, & space to be
conditioned, means for conveying air to sald

space, dehumidifying means of the type

connected to
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a hygroscopic material associated with sald con-
veying means to dehumidify the air belng passed
to said space, said dehumidifying means being
of a type utilizing heat for reactivation of said
material, means for varying the effect of sald de-
humidifier on the total volume of air going to
said space, s refrigeration system having an
evaporator in heat transfer relation with the air
being passed to said space and a condenser in
heat transfer relation with said hygroscopic ma-
terial to reactivate the same, means independent

- of said condenser to heat said hygroscopic ma-
" terial, and means responsive to the humidity in
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said space for controlling said varying means
and said refrigeration system and operable as:
the space humidity increases to cause sald vary-
ing means gradually to increase to its maximum
capacity the effect of said dehumidifier on the
air going to the space without causing operation
of said refrigeration system and thereafter to
cause operation of said refrigeration system.

4. In an air conditioning system, a space to be
conditioned, means for conveying air to said
space, dehumidifying means of the type utilizing
a hygroscopic material associated.with said con-
veying means to dehumidify the air being passed’
to said space, said dehumidifying means being of
a type utilizing heat for reactivation of said ma-
terial, a refrigeration system having an evap-
orator in heat transfer relation with the air
peing_ passed to said space, a condenser, and &
heat exchanger adapted to act as an evaporator,
means for placing said condenser in heat trans-
fer relation with said hygroscopic material to
reactivate the same. means for placing said

_evaporator,into operation upon demand for cool~

’ing, and means for placing said condenser into

40

operation and for operating said heat exchanger
as an evaporator upon demsand for dehumidifi~
cation which is unaccompanied by a demand for
cooling. .

5. In an air conditioning system, a space to he

"conditioned, means for conveying air to said

. space, dehumidifying means of the type utilizing
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a hygroscopic material associated with said con-
veying means to dehumidify the air being passed
to said space, said dehumidifying means being
of a type utilizing heat for reactivation of said
material, a refrigeration system having an evap-
orator in heat transfer relation with the air being.
passed to sald space, a condenser, and a heat

- exchanger adapted to act as an evaporator, means
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for placing said condenser in heat transfer re- .
lation with said hygroscopic material to reacti-
vate the same, means for placing said evaporator
into operation and operating said heat exchanger
as a condenser upon demand for cooling, and

“means for placing said condenser into operation

and for operating said heat exchanger as an
evaporator upon demand for dehumidification
which is unaccompanied by a demand for cool-

6.. In an air conditioning system, & spé.ce to be
conditioned, means for conveying air to said
space, dehumidifying means of the type utilizing

" a hygroscopic material associated with said con-

70

veying means to dehumidify the air being passed
to said space, said dehumidifying means being

_ of a type utilizing heat for reactivation of said

material, a reverse cycle refrigeration system op-
erable in a first phase of operation to cool the
air being passed to said space and in a second

' phase of operation to supply heat to said hygro-

scopic material without cooling said space,

utiljzing 78 - change-over means assoclated with said refrig--



means.

8. In an air conditioning system, a space to be
conditioned, means for conveying air to said
Space, dehumidifying means of the type utilizing
a hygroscopie material associated with said con-
veying means to dehumidify the gir being passed
to said space, said dehumidifying means being
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_control of said
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bhase of operation to supply heat to said hygro-
scopic material without cooling said space,
changeover meang associated with said refrig-
eration system for selectively rendering said re-
frigeration system operable in its first phase or
its second phase, means influenceq by humidity
for controlling the effect of said dehumidifying
means on the air flowing to said space and for
placing the refrigeration system into operation

of the class described, in com-
bination, absorbing means including two bodies
of absorbing material for absorbing vapor from
a gas, control means operative in a first position

'to place one of said bodies into absorbing opera-

tion and to place the other body upon reactiva-
tion, a motor for operating said control means
between said first and second positions, meang
condition affected by the mois-
the body then in operation in
motor and operative to shift said
control means between its two positions when-

operation, a timing device, and means for caus-
ing said timing device also to control saiq motor
to prevent too frequent cycling-of the motor.

ALWIN B. NEWTON.




