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My invention relates to air conditioning SyS 
tems for cooling and dehumidifying the air with 
in auditoriums, rooms and other enclosures. 

It is an object of my invention to provide a 
system for cooling and dehumidifying the air 
within an enclosure including a cooling coil and 
a plurality of valves for controlling the admis 
sion of cooling medium to the coil and having 
an arrangement for selecting any one of the 
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valves dependent upon the desired effective cool 
ing surface of the coil as determined by the tem 
perature and humidity of the air in the enclo 
Se, 
. Further objects and advantages of my inven 
tion will become apparent as the following de 
scription proceeds and the features of novelty 
which characterize my invention will be pointed 
out with particularity in the claims annexed to 
and forming a part of this specification. 
For a better understanding of my invention, 

reference may be had to the accompanying 
drawing in which Fig. 1 shows diagrammatically 
an air conditioning System embodying my inven 
tion, and Fig. 2 shows a modified arrangement 
of the controlling valves shown in Fig. i. 

Referring now to the drawing, in Fig. 1 I have 
shown an air conditioning system comprising a 
casing it arranged to receive fresh air through 
a duct and air from the room to be condi 
tioned through a duct 2 which passes through 
a wall 3 of the room. The fresh air and the 
room air are drawn into the casing O by oper 
ation of a fan 4, arranged at the discharge side 
of the casing, and the conditioned air is con 
ducted to the room through a duct 5 passing 
through the wall 3. The quantity of fresh air 
utilized is controlled by adjustable dampers fia, 
and the quantity of room air is controlled by 

in the casing to remove dust and other in 
purities from the air, and the air is cooled by 
passing through a cooling element f arranged 
in the casing and comprising a sinuous coil 8 
having a plurality of turns extending entirely 

, across the Casing in the path of the air. The 
coil 8 is preferably of the type having a plural 
ity of fins providing a large surface area in the 
path of the air passing through the cooling ele 
ment. The coil 8 is connected in the circuit of 
a mechanical refrigerating machine including a 
compressor 9 driven by a motor 26, a condenser 
2 and a liquid receiver 22. Gaseous refrigerant 
is compressed in the compressor 9 and is dis 
charged into the condenser 2 where it is cooled 
and liquefied by air circulated thereover by a fan. 

(Ch. 62-6) 
23. The fan 23 is driven by a motor 24 connected 
across the notor 2. The condensed refrigerant 
flows into the liquid receiver 22 and is supplied 
to the coil 8 under normal conditions by oper 
ation of a thermostatic expansion valve 25, pro 
vided with a thermostatic bulb 26 arranged in 
contact with the Suction side of the coil 8. The 
valve is, therefore, operated in response to the 
temperature of the vaporized refrigerant with 
drawn from the coil 8. The refrigerant is pref 
erably admitted to the coil 8 so that it flows 
through the banks 8a, 8b, and 8e of the coil 
in succession in the Opposite direction from that 
of the flow of air through the duct . The air 
thus passes from the least Cold to the coldest 
portion of the coil. Refrigerant vapor is with 
drawn from the Coil 8 through a conduit 2 
and is returned to the compressor. 
The refrigerating machine is controlled under 

normal conditions by a thermostat 28 having a 
relay 28a. Under conditions of excess humidity 
of the air in the enclosure the refrigerating ma 
chine may be controlled by a room humidostat 
29 having a relay 29d. The thermostat 28 is 
arranged to control a switch 30 in the power 
supply line of the motor 20. Should the humid 
ity of the air in the room be abnormally high 
it is possible that the temperature of the air 
may be reduced sufficiently to satisfy the ther 
mostat 28 before the humidity has been reduced 
the desired amount to provide maximum com 
fort for the occupants in the room. In such 
cases it is desirable further to dehumidify the air, 
but any substantial decrease of the temperature 
of the air in the room must be avoided in order 
to maintain a comfortable temperature for the 
occupants of the room. However, it may be per 
missible to continue the cooling action at a re 
duced rate in order that the humidity may be 
reduced further. 

In most air conditioned Spaces some of the 
heat which must be removed by the air condi 
tioning system originates within the room itself. 
For example occupants, electric lights, motors 
and other heat producing appliances and also 
the Sun's rays entering through the Windows, all 
generate heat Within the room. It is necessary 
that the heat from such internal sources be re 
noved from the roon before any reduction of 
the temperature in the room below that of the 
outdoor air can be accomplished. It is evident, 
therefore, that part of the capacity of the cool 
ing System must be devoted to the removal of 
heat from these internal sources. In air condi 
tioning Systems in Which the internal heat of the 
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Space to be conditioned must be removed, a Small 
portion of cooled air may be circulated continu 
ously without reducing the total sensible heat of 
the air in the space to be conditioned. It is pos 
sible in such systems to produce a substantial 
amount of dehumidification with only sufficient 
Sensible Cooling to offset the effect of the in 
ternal heat Sources in the room so that dehu-. 
midification may be accomplished without reduc 
tion of the dry bulb temperature of the air in the 
OO. 
If the thermostat 28 be satisfied due to the 

reduction of the temperature of the air of the 
room to a predetermined low value before the 
humidity has been reduced sufficiently to sat 
isfy the humidostat 29, the humidostat will take 
Over the control of the motor 20. The motor 
will continue to operate under the control of 
the humidostat until the humidity has been re 
duced the desired amount or until a minimum 
permissible temperature has been reached as de 
termined by a low temperature limit thermo 
stat 3. 
When the motor is under the control of the 

humidostat the supply of refrigerant to the coil 
is reduced and, consequently, an increased per 
Centage of the total coil length is filled with Su 
perheated refrigerant gas. With the flow of re 
frigerant restricted, the balance of heat transfer 
capacity between the coil and the compressor is 
changed so that a lower refrigerant pressure is 
maintained in the coil. At this lower pressure 
the Saturation temperature of the refrigerant is 
lower and the surface temperature of the coil is, 
therefore, lower in that portion of the coil in 
which the gas is not superheated. The dehumidi 
fication accomplished by this cold portion of the 
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coil is increased as compared with the dehumidi 
fication during the normal operation of that por 
tion, but the total sensible heat removed from 
the air by the coil is reduced. 
The above described System for effecting a 

control of temperature and humidity by modi 
ifying the operation of the refrigerant supply 
controlling device in accordance With the hu 
midity of the air in an enclosure, is not my in 
vention, but is the invention of Edward W. 
Roessler and is described and claimed in his co 
pending application, Serial No. 77,949, filed May 
5, 1936, and assigned to the General Electric 
Company, aSSignee of my present invention. 
When it is desired to operate the air condi 

tioning system illustrated in Fig. 1, electric en 
ergy is supplied to lines 32 and 33. This ener 
gizes a transformer 34 having a primary wind 
ing 35 and a Secondary Winding 36. If the tem 
perature of the air in the room rises to a pre 
determined value a bimetallic strip 37 of the 
thermostat 28 engages a contact 38 and closes a 
circuit from one side of the primary 36 through 
a connection 39, the strip 3 and a connection 40 
to a coil 4f of relay 28a and thence back to the 
other side of the primary 36 through a connec 
tion 42 and a line, 43. The coil 4 will thereby 
be energized and will pick up an armature 44 
of the relay 28a, raising arms 45 and 46 of the 
relay into engagement with contacts 47 and 48, 
respectively, and breaking engagement between 
the arm 46 and a contact 49. The raising of 
arm 46 closes a holding circuit for the coil 4 
through connections 50 and 5?, thereby main 
taining the coil energized even though the strip 
37 should move out of engagement with the con 
tact 38. The raising of the arm 45 closes a cir 
cuit of a coil 52 of the switch 30 from line 32 
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through a connection 53, the arm 45, a line 54 
to the coil and thence back to line 33 thirough a 
connection 55. The energization of coil 52 picks 
up an armature 56 of switch 30 thereby closing 
the switch and connecting motor leads 5 and 
58 to lines 32 and 33, respectively. This starts 
the motor 2 and thereby operates the compres 
sor S to supply refrigerant to the coil 8, and 
also starts the condenser fan motor 24. The 
operation of the motors will continue until a pre 
determined low temperature of the air in the 
room has been reached, when the bimetallic Strip 
37 will engage a contact 59; this short-circuits 
the relay coil 45 through connections. 62 and 60, 
strip 3 and connection 40 thereby deenergizing 
the coil and causing relay 28a to drop out and 
break the circuit of the coil 52 to open the Switch. 
30. The operation of the compressor 9 and fan 
motor 24 is thereby stopped and the supply of 
refrigerant to the coil 8 discontinued. . 
When the air conditioning system is operating 

as just described the supply of liquid refrigerant 
is controlled by the valve 25 which maintains a 
minimum temperature of the refrigerant with 
drawn from the coil 8. By operation of the valve 
25 a minimum length of the coil is maintained 
filled with superheated refrigerant vapor while 
the remainder of the coil contains liquid refrig 
erant or liquid refrigerant and Saturated Vapor 
and is effective for dehumidifying the air passing 
over the coil and for substantially reducing the 
Sensible heat of the air. 

It has been pointed out above that by operat 
ing only a portion of the cooling coil at low tem 
perature while the remainder of the coil Con 
tains superheated refrigerant vapor the humidity 
may be decreased without Substantially decreaS 
ing the sensible heat of the air in the room. 
This further reduction of humidity is accom 
plished as has already been stated by arranging 
the room humidostat so that it will take over 
the operation of the refrigerating machine in 
the event that the humidity is still too high after 
the room thernostat is satisfied. 

I, therefore, provide a second valve 6 arranged 
in parallel with the valve 25 and provide a sole 
noid or motor-operated valve 63 in series with 
the valve 25 to cut out the valve 25 when desired. 
The second refrigerant controlling valve 6 is set 
to maintain a higher temperature of the refrig 
erant vapor withdrawn from the coil 8 and 
thereby to maintain a greater length of the coil 
filled with Superheated refrigerant vapor. When 
ever the control of the refrigerating machine is 
taken over by the humidostat the valve 25 is cut 
out and the cooling coil is supplied with refrig 
erant through the second valve 6. 

I have shown the second thermostatic control 
ling valve 6 connected in parallel with the valve 
25 and having a thermostatic bulb 62 secured 
to the cooling coil 8 intermediate the ends there 
of. It will readily be apparent that if the valves 
25 and 6 are both set to maintain the Same 
temperature of the coil at the places where their 
respective thermostatic bulbs are attached then 
the valve 6 will maintain only a small portion 
of the coil 8 at a low temperature, as compared 
with the portion operating at a low temperature 
under the control of the valve 25. In Series with 
the valve 25 is arranged the solenoid control 
valve 63 which is biased by a spring 64 to its 
closed position, shown in the drawing. The valve 
63 is opened by energization of a coil 65 which 
raises an armature 66 whenever the refrigerat 
ing machine is controlled in response to the ther 
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The circuit for the coil 65 may be 

traced from line 32 through connection 53, arm 
45 of relay 28a, a connection 67, an arm 68 of 
relay 29a, a contact 69 and a line 0 to the coil 
65 and back to the line 33 through a connection 

. When the valve 63 is open the Supply of 
refrigerant to the coil 8 is controlled solely by 
the valve 25. This is apparent since the opera 
tion of the valve 25 will maintain a minimum 
temperature of the refrigerant withdrawn from 
the coil 8 making it impossible for the valve 6 
to be opened, because the temperature of the 
coil 8 at the point where the bulb 62 is con 
nected cannot rise sufficiently to open the valve 6. 
During the operation of the air conditioning 

system shown, should the humidity of the room 
still be above the desired value after the thermo 
stat 28 has been satisfied, the humidostat 29 will 
be in a position to operate the relay 29a to shift 
the control of the refrigerant supply for the coil 
18 from valve 25 to valve 6d by closing valve 63, 
and will also maintain the refrigerating machine 
in operation. When the humidity is too high a 
movable member 72 of the humidostat 29 en 
gages a contact 3 establishing a circuit from One 
side of the secondary 36 of the transformer 
through the connection 5 , the arm 46 of relay 
28a, a line 6, a connection 5, the member 2, a 
contact 6 and a bimetallic strip of the limit 
thermostat 3 and a connection 8 to a coil 9 of 
relay 29a and back to the other side of the Sec 
ondary 36 through a line 43. This energizes the 
coil 9, raises an armature 8 of the relay 23d. 
and lifts the arm 68 and an arm 8 , thereby. 
breaking the circuit of the solenoid 65 and clos 

The hold 
ing circuit includes a connection 5 from One 
side of the secondary 38 of the transformer, arr) 
4S, line 4, arm 8 and a connection 82 to One 
side of the coil 9, and from the other side there 
of through line 63 to the other side of the trans 
former secondary 36. This holding circuit main 
tains the relay 29a in its raised position even 
though the nowable member 2 moves out of 
engagement with the contact 3. In its raised 
position the arm 68 engages a contact 83 closing 
a circuit from line 32 through a connection 86, 
arm 68, the connection 67 and line 56 to coil 52 
and thence to line 33 through the connection 55, 
thereby energizing coil 52 and operating SWitch 
3 to start the motor 20 of the refrigerating ma 
chine and supply refrigerant to the coil 
through the valve 6A. 
The operation under the control of the humido 

stat of the refrigerating machine, supplying re 
frigerant to the coil 8 through the valve SA will 
thus maintain a higher temperature of the re 
frigerant withdrawn from the coil 8, thereby re 
ducing the rate of sensible cooling of the air, but 
continuing the dehumidification of the air Since 
a small portion of the coil 8 is maintained at a 
sufficiently low temperature for this purpose. 
Further noisture will, therefore, be abstracted 
from the air, with less than normal decrease in 
the sensible heat of the air in the room. 
The operation of the refrigerating machine 

under the control of tha humidostat will continue 
until the humidity has been reduced to a desired 
value or until the temperature of the air has 
reached a minimum permissible value consistent 
,with comfort. Should the humidostat be satisfied 
the movable member 72 will engage a contact 85 
thereby short-circuiting the coil 79 through con 
nection 78, strip 77, movable member 72 and a 

5 portion of line 43. The relay 29a will then drop 

3 
out and discontinue operation of the motor 20 
by opening switch 36. Should the temperature 
of the air in the room reach the minimum per 
missible temperature before the humidostat 
29 is satisfied, the strip 77 will engage a con 
tact 86 and short-circuit the coil 9 through 
connection 78, strip , and a connection 8, 
thereby deemergizing the relay 29a and stop 
ping the operation of the refrigerating machine. 
Should the temperature of the room increase 

until the thermostat 28 again calls for cooling 
before the humidity has been reduced the desired 
amount the control of the refrigerating machine 
will be transferred from the humidostat 29 to the 
thermostat 28 since the operation of the thermo 
stat will raise the arm 46 of the relay 28a, thereby 
breaking the circuit to humidostat 29. The con 
trol of the system in response to the room ther 
mostat, therefore, takes precedence over the 
control in response to the humidostat. 
In Fig. 2, I have shown a modification of my 

invention, in which utilize a pressure respon 
'sive valve 88 in parallel with the valve 25 in 
order to maintain a greater length of coil 8 
filled with Superheated vapor. The valve 88 is 
arranged to open in response to a predetermined 
low pressure. in the coil 3. This pressure is low 
er than the pressure obtaining in the coil when 
the refrigerating machine is Supplying refrigerant 
through the valve 25. The waive 88, therefore, 
remains closed as long as the valve 25 is in oper 
ation. However, when the Solenoid valve 63 Op 
erates to cut of the valve 25 in response to the 
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room humidostat, the pressure in the coil 8 be- . 
connes lower and the valve 88. Operates to Supply 
refrigerant to the coil. The Supply of refrig 
erant through the Wave 88 is restricted so that 
only a small portion of the coil is maintained at 
a low temperature, due to the presence of liquid 
refrigerant, while a greater portion is filled with 
Superheated refrigerant vapor. It is readily ap 
parent that this arrangement of valves will oper 
ate in the same manner as that shown in Fig. 1 
to maintain either one of two predetermined tem 
peratures of the refrigerant withdrawn fron the 
coil 8. 
While I have disclosed particular embodiments 

of nay invention, various modifications will occur 
to thcse skilled in the art and I do not, therefore, 
desire my invention to be limited to the construc 
tion shown and described, and intend in the 
appended claims to cover all modifications that 
do not depart from the spirit and scope of Iny 
in Vention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A System for conditioning the air within 

an enclosure including a cooling element, means 
for supplying cooling medium to said element 
and for withdrawing cooling medium from said 
element, means including a Valve and arranged to 
control the Supply of cooling medium to said 
cooling element for maintaining a predetermined 
Substantially constant temperature of the cooling 
medium withdrawn from said element, means in 
cluding a second valve connccted in parallel with 
said first valve and arranged to control the sup 
ply of cooling medium to said cooling element for 
maintaining a different substantially constant 
temperature of the cooling medium withdrawn 
from said cooling element, means for rendering 
only one of said supply controlling means effec 
tive at the same time, and means responsive to 
the humidity of the air within said enclosure for 
shifting from one of said valves to the other the 
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control of the supply of cooling medium to said 
cooling element. - 

2. A system for conditioning the air within 
an enclosure including a cooling element, means 
for Supplying cooling medium to said element and 
for Withdrawing cooling medium from said ele 
ment, means including a valve arranged to con 
trol the supply of cooling medium to said cool 
ing element for maintaining a predetermined 
Substantially constant temperature of the cool 
ing medium withdrawn from said element, means 
including a Second Valve connected in parallel 
with said first valve and arranged to control 
the Supply of cooling medium to Said cool 
ing element for maintaining a different substan 
tially constant temperature of the cooling me 
dium withdrawn from said cooling element, 
means for rendering said first valve only effec-. 
tive to control the supply of cooling medium to 
said cooling element during normal operation 
of Said System, means including a third valve for 
controlling the supply of refrigerant to said first 
valve, and means responsive to the humidity of 
the air within said enclosure for closing said 
third valve to shift to said second valve the con 
trol of the supply of cooling medium to said cool 
ing element. 

3. A System for conditioning the air within an 
enclosure including a cooling coil, means for sup 
plying liquid refrigerant to said coil and for 
withdrawing vaporized refrigerant from said coil, . 
means including a valve arranged to control the 
Supply of liquid refrigerant to said coil for main 
taining Superheated the vaporized refrigerant in 
a predetermined length of said coil, means in 
cluding a second valve connected in parallel with 
Said first Valve and arranged to control the 
supply of liquid refrigerant to said coil for 
maintaining superheated the vaporized refriger 
ant in a different predetermined length of said 
coil, means for rendering said first valve only ef 
fective to control the supply of liquid refrigerant 
to said coil during normal operation of said sys 
tem, means including a third valve for control 
ling the supply of refrigerant to said first valve, 
and means responsive to the humidity of the air 
within said enclosure for closing said third valve 
to shift to said second valve the control of the 
Supply of liquid refrigerant to said coil. 

4. A system for conditioning the air within an 
enclosure including a cooling coil, means for sup 
plying liquid refrigerant to said coil and for 
withdrawing vaporized refrigerant from said coil, 
Said means including a Supply conduit having 
parallel branches, means including a valve in 
each of said branches for controlling the flow of 
liquid refrigerant through said branches to said 
coil, means including a temperature responsive 
element aSSociated with each of said valves for 
maintaining superheated the vaporized refrig 
erant in different lengths of said coil, one of said 
valves being operable to control the supply of 
liquid refrigerant to said coil during normal op 
eration of Said system, and means responsive to 
the humidity of the air in said enclosure for 
transferring to another one of Said valves the 
control of the Supply of liquid refrigerant to said 
coil. 

b. A System for conditioning the air within an 
enclosure including a cooling coil, means for sup 
plying liquid refrigerant to said coil and for 
withdrawing vaporized refrigerant from said coil, 
Said means including a Supply conduit having 
two parallel branches, means including a valve 
in each of said branches for controlling the sup 
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ply of liquid refrigerant to said coil, means re 
Sponsive to the temperature of the vaporized re 
frigerant near the Outlet end of Said coil for 
actuating One of Said valves, means dependent 
upon a predetermined low pressure of the refrig 
erant in Said coil for actuating the Second of Said 
valves to control the supply of liquid refrigerant 
to said coil, means for rendering only one of said 
Valves effective at the Same time to control the 
Supply of refrigerant to said coil, and means de 
pendent upon the humidity of the air within said 
enclosure for selecting one of said valves for op 
eration to control the supply of liquid refrigerant 
to Said coil. 

6. A system for conditioning the air within an 
encloSure including a cooling coil, means for Sup 
plying liquid refrigerant to said coil and for 
withdrawing vaporized refrigerant from said coil, 
said means including a supply conduit having 
two parallel branches, means including a valve 
in each of said branches for controlling the sup 
ply of liquid refrigerant to said coil, means re 
Sponsive to the temperature of vaporized refrig 
erant near the outlet end of said coil for actuat 
ing the first of said valves, means responsive to 
the temperature of the vaporized refrigerant at 
a point intermediate the inlet and outlet ends of 
said coil for actuating the second pf said valves, 
means for rendering said first valve only effec 
tive during normal operation of said system, 
means including a third valve for controlling the 
Supply of liquid refrigerant to said first valve, 
and means responsive to the humidity of the air 
in Said enclosure for closing Said third valve to 
transfer from Said first valve to said second valve 
the control of the supply of liquid refrigerant to 
Said Coil. 

7. A system for conditioning the air within an 
enclosure including a cooling coil, means for Sup 
plying liquid refrigerant to said coil and for 
withdrawing vaporized refrigerant from said coil, 
said means including a supply conduit having 
two parallel branches, means including a valve 
in each of said branches for controlling the sup 
ply of liquid refrigerant to said coil, means re 
Sponsive to the temperature of vaporized refrig 
erant near the outlet end of said coil for actuat 
ing the first of said valves, means dependent 
upon a predetermined low pressure of the refrig 
erant in said coil for actuating the second of said 
valves to control the supply of liquid refrigerant 
to Said coil, means for rendering said first valve 
Only effective during normal operation of said 
System, means including a third valve for con 
trolling the Supply of liquid refrigerant to said 
first Valve, and means responsive to the humid 
ity of the air in said enclosure for closing said 
third valve to transfer from said first valve to 
said Second Valve the control of the supply of 
liquid refrigerant to said coil. 

8. A System for conditioning the air within an 
enclosure including a cooling element, means for 
Supplying cooling medium to said element and 
for Withdrawing cooling medium from said ele 
ment, means including a valve arranged to con 
trol the Supply of cooling medium to said cool 
ing element for maintaining a predetermined 
Substantially-constant temperature of the cool 
ing medium. Withdrawn from said element, said 
Cooling medium Supplying means including a 
conduit having a portion comprising two 
branches arranged in parallel, means including . 
a second valve connected in one of said parallel 
branches and arranged to control the supply of 
cooling medium to said cooling element for main 
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taining a different Substantially constant tem 
perature of the cooling medium withdrawn from 
said cooling element, means including a third 
valve and arranged in the other of said parallel 
branches for rendering only one of said supply 
controlling means effective at the sarine time, 
and means responsive to the humidity of the air 
within said enclosure for operating said third 

0. 

5 

valve to transfer the control of the supply of 
cooling medium from one of said supply control 
ling means to the other. 

9. A System for conditioning the air within an 
enclosure including a cooling element, means for 
supplying cooling medium to said element and 
for withdrawing cooling medium from said ele 
ment, said cooling medium supplying means in 
cluding a conduit having a portion comprising 
tWO branches arranged in parallel, means includ 

S 
ing a valve arranged in said conduit and having 
a thernOStatic control member arranged on said 
cooling element for controlling the supply of 
cooling medium to said cooling element, means 
including a second valve connected in one of said 
parallel branches and having a thermostatic 
control member on said cooling element for con 
trolling the Supply of cooling medium to said 
COOling element, means including a third Valve 
arranged in the other of said parallel branches 
for rendering only one of said supply controlling 
means effective at the same time, and means re 
sponsive to the humidity of the air within said 
enclosure for operating said third valve to trans 
fer the control of the supply of cooling medium 
from one of said supply controlling means to the 
other. 

DAWD. W. MICLENEGAN. 
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