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ABSTRACT OF THE DISCLOSURE 
A refrigeration system comprises duct structure for 

carrying refrigerated air through cooling coils cooled by 
a refrigerant system. A motor driven fan is located within 
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the duct to circulate air from a refrigeration storage 
portion of the refrigeration system through the refrigerat 
ing coils. The fan speed is controlled to maintain a mini 
mum velocity through the cooling coils as frost builds 
up on the coils. When the coils become covered with 
frost to a degree that the maximum operable speed of 
the fan cannot maintain the required velocity through 
the coils, the system is defrosted. 

This invention relates to a means for controlling re 
frigeration systems, particularly to controlling means that 
sense the amount of frost accumulation in a refrigeration 
system and defrost the system when the accumulation of 
frost reaches a level where the system is unable to main 
tain the desired refrigeration temperatures. 
One of the significant problems in operating refrig 

eration systems is the determining of the time to defrost 
the system to remove accumulated frost. Most practical 
systems require periodic defrost and many different ap 
proaches are utilized to determine when this frost should 
be removed. Most of these approaches do not operate in 
response to frost accumulation, but are related to time 
or the counted occurrences of repetitive events. Since it 
is desirable to defrost the system as seldom as possible, 
the preferred way to achieve this is by defrosting only 
when it is physically necessary. 
With this invention, defrosting occurs only when re 

quired to provide an interval between defrosts that is as 
great as possible for the existing operating conditions. 
This is accomplished generally by changing the heat trans 
fer characteristics of the cooling system as frost accumu 
lates by maintaining a minimum, or increasing, air ve 
locity through the refrigeration coils to maintain the 
desired heat transfer characteristics. When the frost has 
accumulated to the point where even the maximum de 
sign air velocity is unable to maintain the necessary heat 
transfer rate to maintain the desired temperatures, the 
system automatically defrosts. 
The drawing is a simplified schematic of a duct portion 

of a refrigeration system that supplies refrigerated air 
to a portion of the system that has material to be refrig 
erated, and a control system that is utilized to control 
the operation of the defrosting refrigeration cycle in 
accordance with this invention. 

Referring to the figure, a duct portion 15 of a refrigera 
tion system 10 receives air from a refrigerating box (not 
shown), or other structure that stores material to be 
refrigerated, at an inlet 16, circulates the air through 
duct portion 15 over a cooling means 12 contained therein, 
and discharges the air through an outlet 17 back to the 
refrigerating box. The duct portion shown, or variations 
thereof, can be used with most refrigerating systems by 
adjusting the form or shape for a particular installation. 

Refrigeration system 10 contains air cooling means 12, 
a means for circulating air 20, a means for sensing air ve 
locity 30, a means for controlling the means for circulating 
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air 40, a means for sensing the force level of the means 
for circulating air 50, and a means for defrosting the 
refrigeration system 60. 
Air cooling means 12 comprises a refrigerant circulat 

ing system 11, shown as a box exemplifying any type 
of refrigerant system known in the art, that provides 
refrigerant to a heat transfer device, such as a refrigera 
tion coil 13, having tubes 14 and fins 18, constructed to 
operate with the refrigerant circulating system to cool 
the air passing through the refrigeration coil. 
Means for circulating air 20 comprises duct structure 

15, that may be of any required shape and size for any 
particular application, an air circulating device or assem 
bly 21, such as an electric motor 22 and a fan 23, mounted 
within duct structure 15 to move the air from inlet 16 to 
outlet 17. Motor 22 is of a type that has a variable speed 
controlled by varying the electrical energy received from 
an electrical source 27. 
Means for circulating air 20 supplies pressurized air 

at a desired force level to refrigeration coils 13. In a 
typical motor and fan installation this is accomplished by 
increasing the speed of rotation of the fan to provide air 
at a desired force or pressure level. 

Means for sensing air velocity 30 operates to measure 
the velocity of the air passing through refrigeration coil 
13, and comprises a thermistor air velocity sensing as 
sembly 31 mounted to duct structure 15. Sensing assembly 
31 includes a thermistor 32 connected as part of an elec 
trical resistance bridge 39 and mounted in a tube 33 that 
exposes it to the air moving through refrigeration coil 
13, and a thermistor 34 mounted within a case 35 made 
of plastic or other suitable material in any manner known 
in the art. In addition to thermistors 31 and 33, bridge 
circuit 39 also comprises a resistor 36 and a variable re 
sistor 37 for balancing the bridge at the desired air tem 
perature and air velocity in the refrigeration system. 
Electrical energy for thermistor bridge circuit 39 is sup 
plied from a regulated direct current source 41 that can 
be of any suitable type known in the art. The output 
signal, typically a voltage signal, of the thermistor bridge 
is taken between conductors 39A and 39B and applied to 
an amplifier 42 that may be of any suitable type able to 
amplify the output signal from the thermistor bridge to 
the level and with the linearity necessary to successfully 
operate the subsequent circuitry in a control system 7a 
The amplified output signal from amplifier 42 is ap 

plied to means for controlling the means for circulating 
air 40 which comprises a motor control 43 which may be 
of any type known in the art that varies the electrical 
energy delivered to the motor in response to an input 
control signal, such as a varying input voltage. In this 
embodiment, motor control 43 increases the speed of 
motor 22 as the output of amplifier 42 increases in signal 
level. 

In this embodiment, a means for sensing the force level 
of the circulated air is a sensing device 51 connected to 
motor control 43 that senses the power produced by 
motor 22 by sensing the amount of electrical energy de 
livered to motor 22 to produce a control signal when 
motor 22 reaches a preselected maximum speed of rota 
tion. The sensing control signal is applied to a relay con 
trol, as illustrated by line 52, to control a means for de 
frosting 60. This function is not necessary but may be 
used in some applications. 
Means for defrosting the system 60 comprises relay 

control. 61, of any type known in the art that responds to 
a signal, or voltage level, to energize or deemergize se 
lected electrical circuits. In this embodiment, relay con 
trol 61 energizes and deemergizes heating elements 48 
through conductors 46. Heating elements 48 are placed 
adjacent refrigeration coil 13 and are turned on by relay 
control 61 during the defrosting period. Relay control 
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61 also controls refrigerant system 11, as schematically 
illustrated by line 49, in any known manner. When the 
output signal from amplifier 42 reaches a preselected level, 
relay control 61 turns off the refrigerant system and turns 
on the heaters. If desired, relay control 61 may operate 
to defrost only when the amplifier output signal is above 
a selected level and the sensing device signal, along line 
52, indicates the motor is operating at the selected maxi 
mum speed. 

In the operation of this system, assuming starting of 
operation with the refrigeration system and coil free of 
frost, the system is energized with motor 22 from source 
27 through motor control 43 to turn on at a minimum 
force level, or speed of rotation. The air from the refrig 
eration box is drawn into duct portion 15 through inlet 
16, through refrigeration coil 13, and out through outlet 
17 with a portion of the air passing through tube 33 
of thermistor sensing block 31 to cool thermistor 32. 
Thermistor bridge 39 is adjusted to provide the desired 
relationship between signal to amplifier 42 and the air 
velocity, but typically the system is balanced by adjust 
ing resistor 37 with the designed operating temperatures 
and without any frost deposits in the system to provide a 
Zero output signal to amplifier 42. As the velocity through 
the refrigeration coil decreases from the accumulation 
of frost, thermistor 32, assuming a positive coefficient of 
resistance relative to temperature, increases in resistance 
as the temperature of thermistor 32 increases. The in 
crease in resistance unbalances the bridge and provides 
a voltage signal along conductors 39A and 39B to ampli 
fier 42. As the voltage signal increases above a selected 
level, motor control 43 responds to this increase to in 
crease the fan rotation speed to increase the cooling ef 
fect on thermistor 32 to tend to balance the bridge and 
thereby maintain the desired air velocity. 
The air velocity through refrigeration coil 13 will be 

relatively constant, or the system can be designed so that 
the air velocity increases, as thermistor 32 responds sub 
stantially immediately and continuously to a change in 
air velocity to produce an output signal that increases the 
speed of motor 22 through motor control 43. When motor 
22 has reached its designed maximum speed, the air ve 
locity will continue to drop as the frost accumulation in 
creases. This decreased velocity will produce an increas 
ing unbalancing of thermistor bridge circuit 39 which 
will produce a continuously increasing output signal level 
or voltage. The relay control is selected, for example, to 
respond to a preselected maximum voltage from ampli 
fier 42 by turning on heaters 48 and turning off refrigerant 
system 11. 
While with a system as here described, motor 22 con 

tinues operation at the high speed until the frost starts 
to diminish, at which time it slows down, other systems 
could contain time delay or similar circuits that would 
maintain a high velocity for a given period of time during 
a defrosting cycle to circulate the heated air as rapidly 
as possible over the refrigeration coils. After a selected 
time delay for the defrost cycle, determined by the ex 
pected defrosting characteristics, the time delay circuit 
would operate to again turn on the refrigerant system, 
turn off the heating system, and release motor control 43 
to operate from the amplifier output. Motor control 43 
would again respond to the amplifier output to rotate the 
fan at the minimum design speed. 
The method for operating the refrigeration system ac 

cording to this invention comprises operating the air 
circulating means at a selected force level to maintain 
the selected air velocity through the air cooling means 
upon initial startup when there is no frost accumulation. 
A continuous sensing of the air velocity through the air 
cooling means is maintained and the force level of the 
air circulating means is increased in response to a 
decrease in the air velocity resulting from frost accumu 
lation in the flow path. This maintains a selected mini 
mum air velocity through the air cooling means. The 

3,464,224 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
system is defrosted when the maximum force level of 
the fan speed, that is, the speed of rotation, has increased 
to the selected maximum design level resulting in a drop 
of the actual air velocity through the air cooling means 
below a selected minimum level. The defrosting cycle can 
be shortened significantly by heating the air during the 
defrost time. 
While this specification contains a written description 

of the invention and the manner and process of making 
and using it and sets forth the best mode contemplated 
by me of carrying out my invention, there are many 
variations, combinations, alterations and modifications 
of the invention that can be made within the spirit of 
the invention and the Scope of the appended claims. 

I claim: 
1. A method of operating a refrigeration system tend 

ing to accumulate frost in its cooling air flow path during 
operation having air cooling means, and having circulating 
means for circulating air through the air cooling means 
comprising: 

operating the circulating means at a selected force level 
to maintain a selected air velocity through the air 
cooling means when the refrigeration system is sub 
stantially free of frost accumulation, 

sensing the air velocity through the air cooling means 
and increasing the force level of the air moving 
means in response to a decrease in said air velocity 
resulting from frost accumulation in the air flow 
path to maintain a selected minimum air velocity 
through said air cooling means, and 

defrosting the system when the circulating means force 
level has increased to a selected maximum level and 
the air velocity has dropped below a selected mini 
mum level. 

2. A method according to claim 1 also comprising heat 
ing the air during defrosting of the system. 

3. A means for controlling a refrigeration system hav 
ing an air cooling means, said means for controlling com 
prising: 

circulating means for circulating air at a selected force 
level through the cooling means, 

means responsive to the air velocity through the air 
cooling means for sensing a decrease in said air 
velocity to increase the circulating means force level 
and maintain a preselected air velocity through the 
air cooling means, and 

means responsive to the circulating means force level 
and to the air velocity through the air cooling means 
for defrosting the system when said circulating means 
force has reached a preselected maximum level and 
said air velocity has dropped below a preselected 
minimum level. 

4. A System according to claim 3 wherein said air 
cooling means comprises refrigeration coils and means 
for providing refrigerant to the coils. 

5. A System according to claim 3 wherein said cir 
culating means comprises an electrical motor driven fan 
and said circulating means force level is increased by 
increasing the speed of rotation of the fan. 

6. A system according to claim 5 wherein said air 
cooling means comprises a refrigeration coil and means 
for providing refrigerant to the coil. 

7. A system according to claim 3 wherein said means 
for sensing comprises a thermistor bridge circuit with one 
thermistor of the bridge circuit located in the air stream 
to change its resistance characteristics in response to the 
air velocity. 

8. A system according to claim 7 wherein said air 
cooling means comprises a refrigeration coil and means 
for providing refrigerant to the coil. 

9. A System according to claim 3 wherein said means 
for sensing is also responsive to the force level of the 
circulating means to increase the preselected air velocity 
as said force level increases. 
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19. A refrigeration system having refrigeration coils 
and defrosting means for removing frost accumulation 
from said coils and system, Said system comprising: 

first means for circulating air through the refrigeration 
coils at a controllable force level, 

second means for measuring the air velocity through 
the coils, said second means responsive to a change 
in said air velocity resulting from frost accumulation 
on the coils to provide a signal varying as a function 
of Said Velocity change, 

third means responsive to the signal to control the first 
means to increase the force level to maintain a 
minimum selected air velocity through the coils, and 

fourth means responsive to the signal for defrosting 
the refrigeration system when said signal indicates 
an air velocity drop below a minimum selected level 
and the first means force level has attained a pre 
Selected maximum. 

11. A method of operating a refrigeration system tend 
ing to accumulate frost in its cooling air flow path during 
operation having air cooling means and an electrical 
motor driven fan adapted to circulate air through the 
air cooling means, Said method comprising: 

operating the motor driven fan at a selected speed of 
rotation to maintain a selected air velocity through 
the air cooling means when the refrigeration system 
is substantially free of frost accumulation, 

sensing the air velocity through the air cooling means 
and increasing the speed of rotation of the motor 
driven fan in response to a decrease in said air ve 
locity resulting from frost accumulation in the air 
flow path to maintain a selected minimum air veloc 
ity through said air cooling means, and 

clefrosting the system when the speed of rotation of the 
motor driven fan has increased to a selected maxi 
mum level and the air velocity through the air 
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cooling means has dropped below a selected mini 
mum level. 

12. A method of operating a refrigeration system tend 
ing to accumulate frost in its cooling air flow path during 
operation, having air cooling means, and having circulat 
ing means for circulating air through the air cooling 
means, said method comprising: 

operating the circulating means at a selected force level 
to maintain a selected air velocity through the cool 
ing means when the refrigeration system air flow 
path is substantially free of frost accumulation, 

Sensing the air velocity through the air cooling means 
and increasing the force level of the circulating 
means in response to a decrease in said air velocity 
resulting from frost accumulation in the air flow 
path to maintain an air velocity through said air 
cooling means that increases as the force level of 
the circulating means increases, and 

defrosting the system when the circulating means force 
level has increased to a Selected maximum level 
and the air velocity has dropped below a Selected 
minimum level. 
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