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My invention relates to refrigeration and more 
particularly to a system of refrigeration in which 
air is caused to flow or circulate in thermal ex 
change relation with a cooling element of a re 
frigeration apparatus by means of a fan or other 
device for producing a forced draft. 

It has been proposed to cool air in a refriger 
ator by circulating the air over an evaporator of 
a compression type refrigeration apparatus by 
means of a fan or blower, the fan operation being 
controlled responsive to temperature of the air, 
and the refrigeration apparatus being suitably 
controlled so that operation periods of the re 
frigeration apparatus are instigated a time inter 
val after instigation of the corresponding oper 
ating periods of the fan. With this type of con 
trol, operation of the fan while the refrigera 
ation unit is idle causes defrosting of the cooling 
element and as a, consequence there is main 
tained a Yhigher humidity of the air. 

It is an object of my invention to provide a 
System of this character in which Operation of a 
refrigeration apparatus is instigated a predeter 
mined time interval after operation of a fan is 
instigated, whereby, by alteration of the time 
interval, there is obtained control of the hu 
midity. 
My invention will be more, fully understood 

upon reference to the following description and 
accompanying drawings forming part of this 
'specification and of which: 

Fig. 1 illustrates diagrammatically a forced 
draft refrigeration' system embodying the in 
Vention; and 

Figs. 2 and 3 are similar to Fig. 1 and illus 
trate other operative conditions of the system. 

Referring to Fig. 1, an enclosure O to be re 
frigerated is indicated in dotted outline. 

frigeration apparatus. The other parts of this 
apparatus include a condenser 2 and a com 
pressor f3 driven by an electric motor f4. Re 
frigerant liquid evaporates in the cooling coil 1, 
producing a refrigerating effect. The resulting 
wapor flows through conduit 5 to the compressor 
3 in which the refrigerant vapor is compressed 
and discharged through a conduit 6 to the con 
denser 2. In the latter, the refrigerant vapor is 
liquefied and the liquid flows through conduit 
to the coil f, thus completing the refrigeration 
cycle. Flow of liquid from the high pressure 
condenser to the low pressure evaporator coil - 
is controlled by any suitable device Such as a 

In the 
enclosure O is a cooling element comprising an 
evaporator coil it of a compression type re-. 

J 4 Claims. (CI. 62-4) 
thernOStatically operated expansion valve 8 in 
the conduit . 
An electric fan or blower 9 is arranged in the 

enclosure 0 to cause circulation of air in con 
tact with the evaporator coil i?. There is also 
provided in the enclosure O a thermostatic 
'Switch 20 which is subjected to temperature of 
the air in the refrigerator enclosure. 
The compressor motor 4 and the electric fan 
9 are connected in a manner hereinafter de 
scribed to a Source of electric current supplied 
by What will be termed line conductors 39 and 42. 

It is desired to maintain the air in the re 
frigerator enclosure fo at a certain temperature, 
that is, Within Certain temperature limits. As 
Suming that the temperature in the enclosure is 
above the desired limit, we want to operate the 
refrigeration apparatus to maintain the evapo 
rator if at a low temperature and operate the 
fan 9 to blow air over the evaporator until 
the temperature of the air in the enclosure is 
brought down to the desired value. We then 
wish to discontinue operation of the refrigeration 
apparatus and fan until again required. These 
alternate periods will be referred to as operation 
periods and idle periods. During operation pe 
riods, Water vapor is condensed out of the cir 
culating air and deposited on the evaporator 
coil if where it may freeze and form frost. The 
absolute humidity of the air is thereby, reduced. 
If We Operate the fan to blow air over, the coil 
while the condensing unit is idle, the resulting 
flow of relatively warm air will cause the frost 
to melt and the water evaporate into the air, 
thus increasing the humidity of the air. If this 
is accomplished each cycle of operation, the hu 
midity of the air will not be continually decreased 
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as it would be if the frost were allowed to build 
up cycle upon cycle. 
To accomplish the above results I provide a 

control circuit for the condensing unit motor 4 
and the electric fan f9 whereby these motors are 
started and stopped responsive to temperature of 
air in the enclosure 0 and the electric fan 9 
starts a predetermined time interval ahead of the 
condensing unit notor 4. In addition to the 
motors 4 and 9, this control circuit includes 
the previously mentioned thermostatic Switch 20, 
a transformer 21, a first solenoid operated switch 
22, a second solenoid operated switch 23, and a 
timing device. 24. I will now describe these ele 
ments individually. - 
The thermostatic switch 20 may be of any suit 

able type which closes upon rise in temperature 
and opens upon decrease in temperature. This f 
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the switch 23, a conductor 50, and the conduc 
tors 48 and 49. It will now be understood that 
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Switch is preferably snap-acting so as to definite 
ly open and close between temperature limits for 
which it is adjusted. The first solenoid oper 
ated switch 22 comprises an operating coil 25 
and a pair of normally Open contacts 26. The 
Second Solenoid Operated switch 23 comprises an 
Operating coil 27, two sets of normally open con 
tacts 28 and 29, and a set of normally closed 
contacts 30. The transformer 2 has a desired 
voltage ratio for stepping the line voltage, for 
instance, 110 volts, down to a desired secondary 
voltage. Such as, for instance, 24 volts. 
The timing device 24 is operated by a suitable 

electric motor 3 which may be a self-starting 
Synchronous motor. The timing device includes 
a first Switch having an adjustable contact 32 and 
a rotatable contact 33. The contact 32 may be 
adjusted by turning a knob 34. There is also a 
normally closed switch 35 operated by a rotatable 
arm 36. The rotatable switch contact 33 and 
the Switch operating arm 36 are arranged to be 
driven by the timer motor 3 through Suitable 
speed reducing gearing 37. 
One terminal of the condensing unit motor 4 

is connected by means of a conductor 38 to one 
Side of the supply line 39, and the other terminal 
of the motor f4 is connected by a conductor 40, a 
normally open contact 29 of switch 23, and con 
ductor 4 to the other side 42 of the supply line. 
One terminal Of the fan motor 9 is connected 

by means of a conductor 43 to one side 39 of the 
Supply line and the other terminal of the fan mo 
tOr is connected by means of a conductor 44, the 
normally open contact 26 of switch 22, and a 
conductor 45 to the other side 42 of the supply 
line. 
From the above described connections it will 

be understood that operation of the fan 9 is in 
stigated on operation of switch 22, and operation 
of the condensing unit motor 4 is instigated on 
operation of Switch 23. The Switch operating 
coils 25 and 27 are energized from a circuit in 
cluding the secondary of the transformer 2 
which is connected between the supply line con 
ductors 39 and 42, and this circuit is controlled 
by the thermostatic switch 20 and the timing de 
vice 24. 
One side of the secondary of the transformer 

2 is connected by means of a conductor 36 to 
one contact of the thermostatic switch 20. The 
other contact of this switch is connected by means 
of a conductor 47 to one end of each of the switch 
operating coils 25 and 27. The other end of the 
switch operating coil 25 is connected by means 
of a conductor 48 and a conductor 49 to the other 
side of the secondary of the transformer 2. It 
will now be understood that the switch operating 
coil 25 is energized when the thermostatic switch 
20 is closed. The other end of the switch operat 
ing coil 2 is also connected to the other side of 
the secondary of the transformer 2 by means of 
a conductor 59, a normally open contact 28 of 

the switch-coil 27 will not be energized upon clos 
ing of the thermostatic switch 20 until its cir 
cuit is closed by some other means. 
This other means is the Switch contacts 32 and 

33 of the timing device. 24. The contact 32 is 
connected by means of a conductor 5 and the 
conductor 49 to the secondary of the transformer 
2?. The contact 33 is connected by means of a 
conductor 52 to the switch Operating coil 27. It 
will now be understood that the operating coil 
27 will be energized when the timer contacts 32 
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and 33 are closed. Since operation of the timer 
24 is instigated upon closing of the thermostatic 
Switch 20, as hereinafter described, the timer 
contact 32 may be rotated by means of the knob 
34 to a desired position, so that it is not con 
tacted by the rotatable contact 33 until after a 
time interval of operation of the timing device. 
Therefore, the solenoid switch 23 does not op 
erate until this predetermined time interval after 
operation of the solenoid switch 22 which operates 
immediately upon closing of the thermostatic 
Switch 20. 
One terminal of the timer motor 3 is con 

nected by means of a conductor 53 to one side of 
the supply line 39. The other terminal of the 
timer motor 3 f is adapted to be connected to the 
other side 42 of the Supply line by way of two 
parallel paths. One path includes a conductor 
54, the normally closed contact 30 of switch 23, a 
conductor 55, a conductor 56, the normally open 
contact 26 of the switch 22, and the conductor 
45. The other path includes a conductor 51, the 
limit switch 35 of the timer 24, a conductor 58, 
conductor 56, contact 26 of the switch 22, and 
conductor 45. It will now be understood that the 
timer motor 3? can operate only when the Switch. 
contacts 26 are closed, that is, when switch 22 is 
operated, and this occurs upon closing of the 
thermostatic switch 20. It will also be under 
stood that operation of the timer motor 3 ceases, 
even though the switch contact 26 be closed, when 
the switch contacts 30 and 35 are both open. 

I will now describe the complete cycle of Op 
eration. Assuming that the temperature of the 
air in the refrigerator enclosure O is within the 
desired limits, the thermostatic switch. 20 is open, 
no parts are in operation, and the timer 24 is 
in its initial or normal position. These condi 
tions are illustrated in Fig. 1. This is an idle 
period. Due to flow of heat into the refrigerator 
enclosure 0, the temperature of the air in 
creases in this enclosure until it reaches the pre 
determined upper limit. Thereupon; the ther 
mostatic switch 20 closes to energize coil 25 of 
the Switch 22. Operation of switch 22, that is, 
closing of contact 26, initiates operation of the 
electric fan 9. Circulation of air over the re 
frigerator coil i? produced by operation of the 
fan 9 causes any frost or condensed moisture 
which may have been formed on the coil to 
evaporate into the air stream, thus increasing the 
humidity of the air. Operation of the switch 22 
also instigates operation of the timer 24. There 
upon, contact 33 starts to move toward contact 
32, and the switch arm 36 releases the contacts 35 
to their closed position. In Fig. 2, the thermo 
static switch 20 has closed, the first Solenoid 
switch 22 has operated, the fan 9 is causing cir 
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culation of air in the enclosure fo, and the timer 
24 has started to operate. 

After a predetermined time interval of opera 
tion of the timer 24, depending upon the set 
ting of the contact 32, the rotating contact 33 
closes upon the contact 32, completing the cir 
cuit of the second solenoid operated switch 23. 
Operation of the switch 23 instigates operation 
of the condensing unit motor f4 by closure of 
contacts 29. This is illustrated in Fig. 3 which 
shows the contacts 32 and 33 closed and the 
Switch 23 Operating. Operation of the condens 
ing unit motor places the refrigeration appara 
tus in operation to cool the air being circulated 
by the fan 9. 
At the same time opening of the contacts 30 

of the switch 23 places control of the timer 
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motor circuit upon the limit switch 35 of the 
timer 24. Also, closing the holding contacts 28 
of the Switch 23 bridges in a parallel circuit the 
timer contacts 32 and 33 so that the latter may 
now open and the switch 23 remain energized. 
The timer 24 continues to operate until the arm 
36 has made a complete revolution and returns 
to its position shown in Fig. 1, whereupon the 
switch 35 opens the circuit of the timer motor 
3 and the timer again becomes inactive. The 
switches 22 and 23 remain closed, continuing op 
eration of the refrigeration apparatus and the 
fan, until the temperature of the air in the 
refrigerator enclosure O is decreased to the low 
er desired limit, whereupon the thermostatic 
switch 20 opens the energizing circuit of the 
switches 22 and 23 which open and thereby ter 
minate the operation periods of the refrigera 
tion apparatus and the fan. The control cir 
cuit is again in the condition illustrated in Fig. 1. 

It will be understood that various changes and 
modifications may be made within the scope 
of the invention as indicated by the following 
claims. 
What I claim is: 
1. Air cooling apparatus including an evap 

orator for absorbing heat from air to be cooled, 
(a compressor, a condenser, said compressor, con 
denser and evaporator being operatively con 
nected to form a refrigeration system, a motor 
for driving the compressor, a fan for directing 
air to be cooled in thermal contact with said 
evaporator, a motor for driving said fan, and 
means responsive to temperature of the air to 
be cooled for controlling operation of Said motors 
and including adjustable means for delaying 
starting of said compressor motor a predeter 
mined time interval after starting of said fan 
motor. r. f 

2. An air cooling system including refrigera 
tion apparatus having a cooling element and op 

3 
erated by an electric motor, a blower operated 
by an electric motor for circulating air in ther 
mal contact with said cooling element, a first 
switch for controlling operation of said blower 
motor, a second switch for controlling operation 
of said refrigeration apparatus motor, means 
for operating said switches responsive to tem 
perature of the air to be cooled, and adjustable 
means for delaying closing of said second switch 
a predetermined time interval after closing of 
said first switch, 

3. Air cooling apparatus including an evap 
Orator, a condenSer, a compreSSOr driven by an 
electric motor, a blower operated by an electric 
motor for circulating air in thermal contact with 
said evaporator, a first solenoid operated Switch 
for controlling said blower motor, a second sole 
noid operated switch for controlling said com 
pressor motor, an adjustable delayed closing 
switch for controlling said second Solenoid oper 
ated switch, and a thermostatic switch responsive 
to temperature of air to be cooled for control 
ling energization of said first solenoid switch and 
said time delay switch and de-energization of 
both of said solenoid operated SWitches. 

4. In a method of cooling air which includes 
causing circulation of air to be cooled in thermal 
contact with a cooling element, operating at a 
temperature such that frost may be formed there 
on by condensation and freezing of Water vapor 
in the air, that improvement which consists in 
intermittently circulating cooling fluid through 
said cooling element and intermittently caus 
ing circulation of the air to be cooled, both re 
sponsive to temperature of the air to be cooled, 
and instigating circulation of the air different 
time intervals prior to instigation of circulation 
of the cooling fluid to melt and evaporate into 
the air frost which may have been formed and 
thus maintain different humidity conditions. 

CLYDE E. PLOEGER. 

C 

5. 

20 

2. 

30 

40 


