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The present invention is concerned with an improved 
system for controlling the defrosting operation of a heat 
exchanger of a refrigeration apparatus which removes 
heat from outdoor air. 
With the advent of air-to-air heat pumps which remove 

heat from outdoor air for heating a dwelling, the need for 
an improved control or control system for initiating and 
terminating the defrosting operation has been recog 
nized. When a refrigeration apparatus has an outdoor 
heat exchanger for receiving heat from the outdoor air 
as the air flows through the heat exchanger, the outdoor 
air heat exchanger will tend to frost over to decrease the 
air ?ow through the heat exchanger and cut down the 
e?’iciency of the system. When the outdoor heat ex 
changer becomes covered with frost and a defrosting op 
eration is started, various means have been used to de 
frost the heat exchanger. 

Presently, there is a control device on the market which 
has a pair of temperature responsive bulbs connected to 
operate a switch to initiate the defrost cycle. The tem 
perature bulbs are adapted to respond to the coil tempera 
ture and the outdoor air temperature, respectively. When 
such a control device is used, a considerable amount of 
difficulty is experienced in placing the one temperature 
responsive bulb in a representative position on the out 
door air heat exchanger. If the bulb is placed to re 
spond to the temperature of the heat exchanger nearest 
the warmest portion of the heat exchanger, the defrost 
cycle is often commenced quite late resulting in an exten 
sive ine?icient operation of the heat pump. Also, if the 
heat exchanger temperature responsive bulb is placed 
close to the coldest portion of the heat exchanger, other 
difficulties become apparent. 
The present invention is concerned with the use of three 

representative temperatures for controlling the defrosting 
operation of the outdoor air heat exchanger. The de 
frosting operation is initiated when the temperature dif 
ference between the outdoor air temperature and the nor 
mally warmest portion of the heat exchanger reaches 
some predetermined value, and the defrost cycle is termi 
nated when the temperature of the normally coldest por 
tion of the coil reaches some predetermined high tempera 
ture. 
An object of the present invention is to provide an 

improved defrost control system for a refrigeration appa 
ratus having an outdoor air heat exchanger. 

Another object of the present invention is to provide 
an improved defrost control system for a refrigeration 
apparatus having an outdoor heat exchanger wherein the 
defrosting operation is initiated by the temperature dif 
ference between the outdoor air and a ?rst temperature of 
a heat exchanger and the defrosting operation is termi 
nated by a predetermined second representative tempera 
ture of the heat exchanger. 

These and other objects of the present invention will 
become apparent upon the study of the following speci?ca 
tion and drawings of which a single FIGURE is a sche 
rnatic diagram of a typical refrigeration system and a de 
frost control device having three temperature responsive 
bulbs. 

Referring to the single ?gure, the temperature of space 
10 is changed by circulating the air through an indoor 
coil or heat exchanger 11 which is positioned in the air 
?ow or duct system including a fan 12. The fan is con 
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tinuously driven by a motor 13 to pull air into a return 
duct 14, and after the air passes through the indoor coil, 
the air ?ows out of supply duct 15 into space 10. The 
indoor coil 11 is a part of a refrigeration apparatus 20 
which is of a conventional type having a motor compres 
sor 21, a changeover valve 22, an outdoor coil or heat ex 
changer 23. The system is connected so that the refrig 
erant flows in the following manner: from the compressor, 
through a pipe 24, to changeover valve 22, through a pipe 
25, through coil 11, through a restriction 34, through a 
pipe 30, to lower side or normally coldest side 26 of the 
outdoor air heat exchanger 23, from the upper or normal 
ly warmest side 31 of heat exchanger 23, through a pipe 
32, through a second portion of changeover valve 22, and 
back through a pipe 33 to the inlet side of the compressor. 
As connected, the refrigerant is compressed and heat is 
given off as the refrigerant condenses in the indoor coil 
11 to supply heat to space 10. In the heat exchanger 23, 
the liquid refrigerant evaporates to remove heat from the 
outdoor air which is circulated through the heat ex 
changer by a fan 35 which is driven by motor 36. The 
vaporized refrigerant then is pulled back into the compres~ 
sor through pipe 31. 
Motor compressor 21 is connected to a switch 40 which 

is controlled by a relay 41. When the relay 41 is ener 
gized, the compressor 21 is connected to a source of 
power by switch 40. Relay 41 is energized by a conven 
tional circuit including a thermostat 42 which is located 
in space 10. When a switch of thermostat 42 closes, the 
energization winding of relay 41 is ‘connected through a 
source of power or step-down transformer 43 to energize 
rnotor compressor 21 and deliver heat to space 1%). 

Since the temperature of the outdoor coil 23 is gen 
erally quite low, ‘and during the season of the year 
when heating is needed in space 10, the outdoor air 
temperature is low; coil 23 will tend to frost over. The 
frosting of the coil prevents the air ?ow through the 
coil and cuts down the efficiency of refrigeration ap 
paratus 20. In such refrigeration apparatuses, the de 
frosting of the outdoor coil can be accomplished in a 
number of ways. One manner of defrosting the out 
door coil is the reversal of the refrigerant flow in the 
refrigeration apparatus by operating changeover valve 
22 ‘to a position shown by the dotted lines. When 
solenoid 50 is energized, lever 51 is moved clockwise 
to rotate the plug 52 of the changeover valve to con 
nect pipes 24 and '32, and pipes 25 and 33. With the 
changeover valve operated in the defrosting position, hot 
gas from motor compressor 21 is delivered directly to 
upper portion 31 of the coil 23. The outdoor coil is 
in effect reversed with the indoor coil, and within a 
short time, the outdoor coil will ‘be heated up sufficiently 
to melt all of the frost. 

Solenoid 50 is connected to source of power 43 by a 
normally open switch 54 which has a ?xed contact 55 
and a movable member 60. Movable member 60‘ is en 
gaged by an operating pin 61. When pin 61 is moved 
upward, solenoid 50 is energized to commence the de 
frosting cycle. 

Switch operating apparatus 62 has a ?rst bell crank 
lever 63 which is attached to a ?oating pivot pin 64. 
Pin 64- is not attached to a base. The bell crank has a 
?rst portion 65 extending to the right of pivot pin 64 and 
a second portion 70 extending to the left of pivot pin 
64. Portion 70 is free to move between a pair of 
adjustable stops 71 and 72. A vertical portion 73 of 
hell crank 63 has an adjusting screw 74 which contacts 
an upper portion 75 of a second bell crank lever 80. Bell 
crank lever '80’ is pivoted on pivot pin 64 and has a 
second portion 81 extending to the right. Levers 63 
and 80: are connected by pin 64, but the assembly is 
free to move in one plane. A ?rst output device 39 has 
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an output member 91 to provide a movement in response 
to the temperature of a bulb 92 located in the outdoor 
air stream. Such a unit might be a liquid ?lled system 
of a conventional type wherein upon the increase in 
temperature of bulb 92 a bellows expands or a diaphragm 
moves to push member 91 upward. A second output 
device 93 has a pin 94 which is moved upward when the 
temperature of a bulb 95 located adjacent the warmest 
side 31 or vapor line of the heat exchanger 23 increases. 
Members 91 and 94 push upward on the lower side of 
portion 70' and portion 65, respectively, of hell crank 
63. Another output device 100 has a pin 101 which 
moves upward in response to the temperature of a bulb 
102. Each device 90, 93, and 100 have a calibration 
nut 110, 111, and 103, respectively. By rotating the 
nuts, the position of associated pins 91, 94, and 101, 
respectively, can be set for a predetermined temperature 
of bulbs, 92, 95, 102, respectively. Bulb 102 is located 
on the coldest side of heat exchanger 23 to respond to 
the temperature of the ?uid line. When the temperature 
of bulb 102 increases, member 101 moves upward to 
move bell cnank 80‘ in a counterclockwise direction. 
When bell crank 63 moves in a clockwise direction 

and screw 74 pushes bell crank 80 clockwise, the upper 
end of portion 75 will lift pin 61 to close switch 54. 
Lever 80‘ is not restricted by pin 101 since bulb 102 is 
cold. A detent or cam vsurface 105 in upper portion 
75 of the bell crank holds pin 61 upward and the bell 
crank 80 in the switch operating or ?rst position even 
though bell crank 63 returns in a counterclockwise di 
rection. 

Operation 
The normal operation of the refrigeration apparatus 20 

is shown. Upon thermostat 42 calling for heat, relay 41 
is energized to initiate operation of the motor compressor. 
The hot gas is delivered to the indoor coil 11, and upon 
the hot gas losing some heat, the gas condenses and the 
liquid passes through the restriction 34-‘ to vaporize in out 
door coil 23. The heat of vaporization is obtained from 
the outdoor air which passes through the coil. The lower 
end 26 of coil 23 receives the ‘liquid refrigerant and is nor 
mally the coldest portion of the coil. 
As the liquid refrigerant enters the lower side of coil 23, 

the evaporation will normally take place in the lower two 
thirds of the coil. The vapor in the upper portion of the 
coil will be at a temperature relatively close to the tem 
perature of the outdoor ‘air; therefore, the temperature of 
bulb 95 will be relatively close to the temperature of bulb 
92. By the proper calibration of devices ‘90 and 93 the 
position approximately as shown of bell crank 63 for rela 
tively equal temperature of bulbs 92 and 95 is selected. 
As frost begins to form .on coil 23, the evaporation of liq 
uid refrigerant is not con?ned to the lower two-thirds of 
the coil since the heat transfer to the air in the frosted por 
tion of the coil is cut down. As evaporation begins to take 
place in the upper portion of coil 23, the temperature of 
bulb 95 will drop. Upon a predetermined difference in 
the temperature of bulbs 92 and 95 being reached as 
selected by screw 74, lever 63 will have moved clockwise 
a su?icient amount to pivot lever 80 until pin 61 is in 
detent 105. The switch 54 is then closed to initiate the 
defrost cycle. 
Once the defrost operation is started by closing switch 

54, any increase in temperature of bulb 95 has no effect 
upon the termination of the defrosting operation as pin 61 
is locked in the upward position by the detent 105 on bell 
crank 80. In order to move the portion 75 to the left, 
bell crank 80 has to be pivoted about pin 64 by an upward 
movement of member 101. 
When the defrost operation is started and the upper 

portion of coil 23 receives the hot gas, the gas will lose 
[heat by melting the frost off of coil 23. As the coil be 
comes free of frost, the hot gas will increase the tem 
perature of bulb 102, and member 101 will move upward 
to pivot bell crank 80 in a counterclockwise direction to 

10 

20 

25 

50 

60 

65 

70 

75 

4 
allow pin 61 to open switch 54 to terminate the defrosting 
operation. 

While the invention ‘has been shown in one particular 
form, the invention should only be ‘limited by the scope 
of the appended claims in which I claim: 

1. In a defrost control system, a refrigeration apparatus 
comprising an indoor coil for delivering heat to a space, 
an outdoor coil for obtaining heat from outdoor air, a 
motor driven compressor, and means connecting said 
compressor, said indoor coil, and said outdoor coil into 
a series system, said outdoor coil having a liquid conduit 
and a vapor conduit connected thereto whereby liquid 
refrigerant ?ows into said outdoor coil through said liquid 
conduit and vapor refrigerant leaves said outdoor coil 
through said vapor conduit after heat is obtained from 
the outdoor ‘air, defrosting means adapted to heat said 
outdoor coil to remove frost from the coil by changing 
the ?ow of refrigerant in the system to deliver hot gas to 
the outdoor coil, ?rst temperature responsive means re 
sponsive to the temperature of said liquid conduit, second 
temperature responsive means responsive to the tempera 
ture of said vapor conduit, air temperature responsive 
means responsive to the temperature of said outdoor air, 
means connecting said second temperature responsive 
means and said air temperature responsive means to said 
defrosting means to initiate operation of said defrosting 
means when the temperature difference between said vapor 
conduit temperature and said air temperature reaches a 
selected value, and means connecting said ?rst temperature 
responsive means to said defrosting means to terminate 
the operation of said defrosting means when the tempera 
ture of the liquid conduit reaches a selected value as hot 
refrigerant passes therethrough. 

2. In a defrost control system, a refrigeration apparatus 
comprising an indoor coil for delivering heat to a space, 
a second coil for obtaining heat from a source of cold air, 
a motor driven compressor, and means connecting said 
compressor, said indoor coil, and said second coil into a 
series refrigeration system, said second coil having a ?rst 
portion which is ?rst to receive liquid refrigerant from a 
conduit and a second portion from which vapor refrig 
erant leaves said second coil, defrosting means adapted to 
heat said second coil to remove frost from the coil, ?rst 
temperature responsive means responsive to the tempera 
ture of said ?rst portion, second temperature responsive 
means responsive to the temperature of said second por 
tion, ‘air temperature responsive means responsive to the 
temperature of said air, means connecting said second 
temperature responsive means and said air temperature 
responsive means to said defrosting means to initiate 
operation of said defrosting means when the temperature 
difference between the temperature of said second portion 
and said air temperature reaches a selected value, said sec 
ond portion decreasing in temperature as said coil ‘be 
comes frosted, and means connecting said ?rst tempera 
ture responsive means to said defrosting ‘means to termi 
nate the operation of said defrosting means when the tem 
penature of said ?rst portion reaches 1a selected value as 
said defrosting means is operated. 

3. In a defrost control system for a refrigeration system 
having a compressor, an indoor heat exchanger normally 
furnishing heat to a space and an outdoor air heat ex 
changer connected in a refrigerant ?lled series system 
with defrosting apparatus for heating the outdoor heat 
exchanger when frost forms thereon, ?rst responsive means 
having an output indicative of the temperature of the 
normally coldest portion of said outdoor coil, second 
responsive means having an output indicative of the tem 
perature of the normally warmest portion of the outdoor 
coil, third responsive means having an output indicative 
of the temperature of the air entering the outdoor heat 
exchanger, means responsive to a predetermined differ 
ence in the output of said second responsive means and 
said third responsive means for starting the operation of 
the defrosting apparatus by reversing refrigerant ?ow to 
said coils to remove frost from the outdoor heat exchanger, 
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and means responsive to the output of said ?rst responsive 
means for terminating the operation of the defrosting 
apparatus. 

4. In a defrost control system for a refrigeration system 
having a refrigerant compressor, and ?rst heat exchanger 
and second heat exchanger connected in a series system 
and having defrosting apparatus for defrosting the second 
heat exchanger when frost forms thereon, ?rst responsive 
means having an output indicative of the temperature of 
one portion of the second heat exchanger, second respon 
sive means having an output indicative of the temperature 
of another portion of said second heat exchanger, third 
responsive means having an output indicative of the tem 
perature of the medium entering the second heat ex 
changer, means responsive to a predetermined dilference 
in the output of said second responsive means and said 
third responsive means ‘for starting the operation of the 
defrosting apparatus to remove frost from the second heat 
exchanger, and means responsive to a predetermined 
output of said ?rst responsive means for stopping the op 
eration of the defrosting apparatus. 

5. In a defrosting control device for starting and stop 
ping a defrost cycle of an outdoor air heat exchanger of 
a refrigeration apparatus, a base member, a ?rst bell 
crank lever pivotally supported on a pivot for movement 
in a plane parallel to said base, a ?rst and a second me 
chanical output member engaging said bell crank on op 
posite sides of said pivot, air temperature responsive 
means adapted to respond to the outdoor air temperature, 
means connecting said air responsive means to said ?rst 
output means to have an output movement indicative of 
outdoor air temperature, second temperature responsive 
means adapted to respond to the normally warmest por 
tion of the heat exchanger, means connecting said second 
responsive means to said second output member to have 
an output indicative of the temperature of the warmest 
portion of said heat exchanger, a second bell crank piv 
otally supported on said pivot, a second portion of said 
?rst bell crank engaging a ?rst portion of said second bell 
crank to move said second bell crank to a ?rst position 
when said output of said ?rst output member exceeds said 
output of said second member as the temperature of said 
warmest portion drops below the temperature of the air, 
switch means mounted on said base, said switch being 
adapted to start the defrost cycle when said second bell 
crank is in said ?rst position, locking means on said second 
bell crank to hold said second bell crank in said ?rst posi 
tion even though said ?rst bell crank moves away, a third 
output member, ?rst temperature responsive means 
adapted to respond to the temperature of the normally 
coldest portion of said heat exchanger, and means connect 
ing said ?rst temperature responsive means to said third 
member to have an output indicative of temperature 
whereby when said output of said third member rotates 
said second bell crank from said ?rst position said defrost 
cycle is terminated. 

6. In a defrosting control device for starting and stop 
ping a defrost cycle of an air heat exchanger of a refrig 
eration apparatus, said defrost cycle being initiated by 
reversing the refrigerant ?ow to heat said air heat ex 
changer, a base member, a ?rst bell crank lever pivotally 
attached to a pivot for movement in a plane parallel to 
said base, said ‘bell crank having a ?rst portion moving 
between a pair of stops mounted on said base, a ?rst and 
a second mechanical output members engaging said bell 
crank on opposite sides of said pivot, temperature respon 
sive means adapted to respond to the air temperature, 
means connecting said responsive means to said ?rst out 
put member to move said bell crank upward upon an 
increase in air temperature, ?rst temperature responsive 
means adapted to respond to the temperature of one por 
tion of said heat exchanger, second temperature respon 
sive means adapted to respond to the temperature of 
another portion of the heat exchanger, means connecting 
said second responsive means to said second output mem 
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6 
her to move said bell crank upward upon an increase in 
temperature, a second bell crank pivotally attached on 
said pivot, a second portion of said ?rst bell crank engag 
ing said second bell crank to move said second bell crank 
to a ?rst position when said output of said ?rst output 
member exceeds said output of said second member, 
switch means mounted on said base, said switch being 
adapted to start the defrost cycle when said second bell 
crank is in said ?rst position, a third output member, and 
means connecting said ?rst temperature responsive means 
to said third member to move said second bell crank from 
said ?rst position when the temperature of the one por 
tion increases to stop the defrost cycle. 

7. In a control device, a base, a pivot pin, a ?rst lever 
pivotally mounted on said pivot pin, a ?rst and a second 
output means engaging said lever to move said lever in 
opposite directions about said pin, said ?rst output means 
having an upward movement indicative of the temperature 
of the air passing through a heat exchange coil of a refrig 
eration system, said second output means having an up 
ward movement indicative of the temperature of the nor 
mally warmest portion of the heat exchanger, a switch 
operating lever adapted to initiate a defrost cycle by apply 
ing heat to said heat exchanger, said ?rst lever moving 
said switch operating lever clockwise when said ?rst out 
put exceeds said second output to move said switch lever 
to a switch operating position, a third output means hav 
ing an output indicative of the temperature of the nor 
mally coldest portion of the exchanger, and means con 
necting said third output means to said switch lever to 
move said lever from said switch operating position to 
terminate the defrost cycle, when said coldest portion is 
warm. 

8. A defrost control system for a refrigeration system 
wherein heat is removed from air by a heat exchanger 
having a conduit for normally receiving liquid refrigerant 
and a conduit for vapor refrigerant to normally leave the 
exchanger and having a heating means to heat the ex 
changer to defrost the heat exchanger comprising, ?rst 
temperature responsive means responsive to the tempera 
ture of the heat exchanger nearest the liquid conduit, sec 
ond temperature responsive means responsive to the tem 
perature of the heat exchanger nearest the conduit of the 
leaving vapor, third temperature responsive means respon 
sive to the temperature of the air, control means adapted 
to control the heating device, means connecting said sec 
ond temperature responsive means and said third tem 
perature responsive means to said control means to start 
defrosting the heat exchanger when the temperature of the 
vapor conduit exceeds the temperature of the air a pre 
determined amount, and means connecting said ?rst tem 
perature responsive means to said control means to stop 
the defrosting of the heat exchange when the heating 
means increases the temperature of said ?rst responsive 
means. 

9. A defrost cycle control system for a refrigeration 
apparatus having a heat exchanger removing heat from 
air as air passes in thermal contact with the heat ex 
changer, the heat exchanger receiving liquid refrigerant 
at a ?rst portion and losing refrigerant vapor from a 
second portion comprising, ?rst responsive means hav 
ing an output responsive to the temperature of the ?rst 
portion, second responsive means having an output re 
sponsive to the temperature of the second portion, third 
responsive means having an output responsive to the 
temperature of the air, means connecting the outputs 
of said second and third responsive means to initiate a 
defrost cycle of the heat exchanger when the tempera 
ture of the second portion exceeds the temperature of 
the air, and further means connecting the output of said 
?rst responsive means to terminate the defrost cycle. 

‘10. In a defrost control system for a refrigeration sys 
tem having a compressor, an indoor heat exchanger and 
an outdoor air heat exchanger connected in a refrigerant 
?lled series system and having a defrosting apparatus for 
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defrosting the outdoor heat exchanger when frost forms 
thereon, ?rst responsive means having an output indica 
tive of a condition of one portion of the outdoor heat 
exchanger, second 'responsive means having an output 
indicative of a condition of a second portion of said 
outdoor heat exchanger, third responsive means hav 
ing an output indicative of a condition of the outdoor 
air entering the outdoor heat exchanger, means respon 
sive to a predetermined difference in the output of said 
second responsive means and said third responsive means 

8 
for starting the operation of ‘the defrosting apparatus 
to remove frost from the outdoor heat exchanger, and 
means responsive to a predetermined output of said ?rst 
responsive means for stopping the operation of the de 

5 frosting apparatus. 
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