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_ DEFROET CONTROL 

Earl F. Hubaclker, Evansville, Ind, assignor to Whirl 
pool Corporation, a corporation of Delaware 

Filed July 23, 1962, Ser. No. 211,663 
2 Claims. (Cl. 612-156) 

This invention relates to a defrost control apparatus 
for a refrigerant evaporator. ' . 

Various means and methods have been proposed for 
controlling defrosting automatically of a refrigerant evap 
orator, particularly when used in refrigerators. and freez 
ers. Generally, the defrosting is done either by an elec 
trically heated wire in thermal contactwith the evapora 
torior by heated refrigerant. In all of these a control is 
necessary in order to initiate and terminate the defrost 
ing operation. 7 . 

One of the features of the present invention is to pro 
vide an improved defrosting control apparatus for a re 
frigerant evaporator that employs an ordinary thermo 
stat to initiate the defrosting when an undesirable amount 
of frost has been accumulated and terminate defrosting 
after this frost has been melted. 

Other features and advantages of the invention will 
be apparent from the following description taken in con 
junction with the accompanying drawings. Of the draw 
mgs: 

' FIGURE -1 is a fragmentary vertical section of a two 
temperature refrigerator including a defrost control ap 
paratus embodying the invention. ‘ 
FIGURE 2 is an enlarged detail of a portion of the 

apparatusof FIGURE 1. 7 
FIGURE 3 is a schematicv view of the refrigeration 

system of the refrigerator of FIGURE 1. 
FIGURE 4 is a wiring diagram of a portion of the 

refrigerator circuit. . 

FIGURE 5 is a graph illustrating'typical temperature 

refrigeration system of FIGURE 3. 
In providing automatic defrosting of'refrigerators and I 

other devices using refrigerant evaporators, many means 
have been proposed for initiating and terminating the de 
frost cycle. A common method has been to 'use a clock 
timer which automatically defrosts after a predetermined 
number of hours. This is not satisfactory as conditions 
vary, and the timer often initiates defrosting when there 
is no appreciable frost present and other times does not 
initiate the defrosting soon enough. In some instances, 
the timer has been arranged so that it only operates when 
the compressor operates so as‘to measure the amount of 
compressor running’ time. This'is also unsatisfactory for 
the same reasons as frost conditions often vary. . 

It has been proposed to provide mechanical devices to 
sense the degree of frost build-up on the evaporator and 
initiate defrosting when the frost has reached a prede 
termined amount and terminate defrosting when the frost 
has been removed. These generally have been unreliable 
and not acceptable. Many other defrosting systems have 
been proposed, but all have been unsatisfactory so that 
at the present time most manufacturers of refrigerators 
and freezers prefer to use the expensive and not entirely 
satisfactory clock timer to control the defrosting. 
The defrostcontrol apparatus of this invention pro 

vides a simple, reliable and inexpensive arrangement for 
initiating defrost only when an appreciable amount of 
frost has accumulated and'terminating defrosting only 

' when this frost has been removed.‘ In the apparatus of 
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rounding air is impaired and hence the surface tempera 
ture of the evaporator tube falls below the level it would 
normally reach when operating without frost upon it. 
The function of the defrost control apparatus of this in 
vention is based on these temperature differences be 
tween the frosted and substantially frost freerevaporator 
tube. . ' 

In the embodiment illustrated in the drawings, there is 
shown a two temperature refrigerator 10 having an up 
per freezer compartment 11 and a lower refrigerator com 
partment 12. The bottom of the freezer compartment is 
provided with a bottom 13 with a liner 14 being spaced. 
downwardly therefrom to provide duct means here shown 
as air passage 15 in which is located a refrigerant evapo- V 
rator 16 includingthe usual refrigerant passage member 
or evaporator tube 17 and a plurality of secondary heat 
transfer surfaces in the form of spaced ?ns 18. Air is. 
circulated through both compartments 11 and 12 by 
means of an air ?ow means here shown as a fan 19 and 
motor 20 located in an air passage 21 communicating 
with the rear'end of the evaporator air passage 15 and 
emptying through one outlet 22 into the top of the freez 
er compartment 11 and through a second outlet 23 by 
way of a rear passage 24 and outlet 25 into the lower re 
frigerator compartment 12. - I 

Air from the freezer compartment 11 is drawn back 
into the evaporator air passage 15 adjacent the front there 
of through an opening 26. _Air from the refrigerator 
compartment 12 is drawn back into the passage 15 by ‘ 
way of .a pair of openings 28 and 29 and an air passage 
30 the'rebetween. With this arrangement air is continu 
ously drawn from the compartments 11 and 12 and mixed 
to form a stream that is drawn over the evaporator 16 
between the ?ns 18 and then divided into separate streams 
for passing through the two compartments. ' , 

In order to provide for defrosting of the evaporator 
16, there is provided a defrost means here shown as a: 
resistance heater wire 31 arranged on the evaporator ' 
16 so as to heat the ‘evaporator during 7 the defrost cycle 
and remove accumulated frost. ' " - 

The refrigeration system is illustrated in FIGURE 3. " 
This system includes a compressor 32, a condenser 33, 
a’capillary 34, the evaporator lo'in'cluding the ?ns or sec 
ondary heat transfer surfaces 18 and an accumulator _35 
all connected in series in the order named with a re 
frigerant passage tube 36 being provided leading from 
the accumulator 35 back to the compressorr32. The 
operation of the compressor 32 is controlled by a ?rst 
temperature responsive means or switch 37 located in ’ 
refrigerator compartment 12. Thus, when temperature 
responsivev switch 37 senses a low refrigerator cabinet 
‘air temperature corresponding to the switch cut-outtem- ‘ 
perature, the operation'ofjthe compressor is terminated. 
Likewise, when cabinet air temperature rises to a switch 
cut-in level, switch 37 closes and initiates compressor 
operation. ’ 

.In order to control the operation of the defrost heater ' 
31, there is provided a second temperature responsive 
means here shown as a bimetal defrost thermostat738 
provided with two contacts one of which 39 is a cooling 
contact ‘and ‘the other of which 40 is a heating or defrost 

‘ contact. A wiring diagram is ‘shown in FIGURE 4. The 
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this invention this control apparatus is controlled solely 1 
by the surface temperature of ‘the evaporator tube which 
carries the refrigerant. Ithas been found that as frost 
builds up on the evaporator, the heat transfer to the sur 

70 

bimetal switch contact 41 itself moves between the con 
tacts 39 and 40 as a result of temperature changes. Thus, ' 
contacts 41 and 39 are normally closed to call for com 
presso'r operation.’ When the temperature of the-refrig- ‘ 
erant tube 17 reaches a-predetermined low level indica 
tive of frost buildup, the bimetal contact ‘41 snaps over 
center to close contacts 41 and 4t) and open contacts 39 ‘ 
and 41 to stop operation of compressor'32. Closing of; 
contacts 4a and 41 energizes heater ‘31 and defrost comj _ 
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mences. Thereafter when the temperature of the refrig 
erant tube 17 reaches a preselected above freezing tem 
perature indicative of a frost free condition, the bimetal 
contact 41 snaps over center and returns to its normal 
condition, that is, the closing of contacts 39 and 41 stops 
the defrost and closes the circuit to the compressor. 
As is shown most clearly in FIGURE 2, the defrost 

thermostat 38 is placed so that the sensor 42 thereof is 
in direct contact with the evaporator tube 17. The defrost 
thermostat 38 is supported in this contact by means of a 
bracket 43 suspended from adjacent passes of tube 17 
with the bracket also serving to isolate the thermostat 
from direct contact with the ?owing air stream indicated 
by the arrows 44. 
With this arrangement the defrost thermostat 38 

initiates defrosting when frost build-up on the tube 17 
has become so great as to impair the heat transfer be 
tween the surface of tube 17 and the passing air 44. This 
impaired heat transfer is caused not only by the insulat 
ing effect of the frost on the tube but also by the decrease 
in air ?ow through the evaporator due to the restriction 
imposed by the frost. When frost begins to form on the 
evaporator, the temperature of the surface of tube 1'7 
starts to decrease from its normal level because of this 
decrease in heat transfer. It has been observed that there 
is a de?nite relationship between the amount of frost 
accumulated on the evaporator surfaces and the tem- 
perature of the evaporator tube surface. 

In normal operation, the compressor 32 and the'air 
circulating fan 19 are cycled on and off when temperature ' 
responsive switch 37 senses “cut-in” or “cut-out” temper 
atures, respectively. At the instant when the temperature 
responsive switch 37 senses cut-out temperature, the term 
perature of the surface of tube 17 of the evaporator is a 
preselected value. If no appreciable frost builds up on 
the evaporator during the next succeeding cycle,‘ the tem 
perature of the surface of the evaporator tube at com 
pressor cut-out will again pull down to this preselected 
value. In subsequent cycles frost begins to form on the 
evaporator tube 17 and ?ns 18 and, as described pre 
viously, this frost build-up impairs heat transfer from the 
evaporator to the passing air 44. Thus, under such con 
ditions, the surface temperature of the evaporator tube 17 
at the time of compressor 'cut-out'will be lower than its 
preselected value at the time it was operating without ‘ 
frost. Further cycling of the system increases the frost 
accumulation which decreases heat transfer and in turn 
further reduces the surface temperature of tube 17 at the 
time of compressor cut-out. When this tube surface 
temperature falls to a level substantially below its pre 
selected value at the frost-free condition, the defrost 
thermostat 3S terminates compressor operation and 
energizes heater 31 to commence a defrost cycle as de 
scribed above. Thereafter, when the surface temperature 
of tube 17 reaches a vsuitable above-freezing level, the 
defrost cycle is terminated, alsoas previously explained. 

In‘ one embodiment of this invention the preselected 
temperature of the surface of tube 17 at compressor cut 
out when the evaporator was in a frost-free condition was 
—16° F. In‘this same embodiment it was found that 
when'this tube surface temperature dropped to —26° F., 
frost had accumulated to such an extent that temperatures 
within compartments 11 and 12 began to be adversely 
affected. Therefore, this temperature was used to initiate 
defrosting. ' ' 

FIGURE 3 illustrates three points or locations A, B 
and C‘ in the refrigeration system. Point A is at the 
refrigerant entrance to the evaporator 16 while point B 
is adjacent the refrigerant exit from the evaporator and 
point C is at‘ the accumulator. The refrigerant flow in 
this system is shown by the arrows 45. Point B is also 
adjacent the air entrance to the evaporator as indicated 
by the arrows 44.. 
When evaporator tube temperature versus the time, as 

indicated in FIGURE 5, is measured at either points A or 
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C, it is found that immediately after compressor cut-in 
the refrigerant tube temperature drops rapidly to an ex 
treme low before rising to a higher level 47 (FIGURE 5) 
where it resumes a more gradual drop. When refrigerant 
tube temperature is measured at point B, however, the 
temperature after compressor cut-in begins to fall grad 
ually, as shown in FIGURE 5. At point 47 on the curve, 
refrigerant tube temperatures at points A, B and C are 
substantially the same. 

Because of the existence of the above-described condi 
tion, it is preferred that the defrost thermostat 38 be 
located adjacent point B in the system. If the thermostat 
38 were placed adjacent either points A or C in the system 
(at the entrance to the evaporator or on the accumulator), 
there is the possibility that the temperature at these points 
soon after compressor cut-in might drop below the defrost 
initiating temperature due to the sharp drop shown on 
curve A-C of FIGURE 5 and cause the thermostat 38 
to initiate a false defrost cycle. In order to prevent these 
false defrost cycles, the defrost thermostat 38 should be 
placed at a point on the evaporator where the tempera 
ture of the refrigerant tube 17 drops along on even slope, 
such as at point B shown in FIGURE 5. 

It is necessary that good contact be obtained between 
the sensor 42 and the tube 17 in order that the thermostat 
will be accurately responsive to the surface temperature 
of the tube 17. This is particularly true where the 
thermostat is located, as shown, adjacent the point B 
because the entering air at this point is at relatively high 
temperature compared to the refrigerant tube tempera 
ture, and it is necessary that the thermostat be relatively 
unaffected by the air temperature. It is also necessary 
‘that substantially no space he left for the accumulation of 
frost between the sensor 42 and the tube 17. 

Thus, in the preferred construction, the defrost thermo 
stat 38 is located adjacent the refrigerant exit of the 
evaporator and the sensing portion 42 of the defrost 
vthermostat is shielded or otherwise isolated from the air 
stream as by the bracket 43 in order that the air will not 
blow directly over it. 
Having described my invention as related to the em 

bodiment shown in the accompanying drawings, it is my 
intention that the invention be not limited by any of the 
details of description, unless otherwise speci?ed, but 
rather be construed broadly within its spirit and scope as 
set out in the accompanying claims. 
The embodiment of the invention in which an exclusive 

property or privilege is claimed is de?ned as follows: 
1. Refrigeration apparatus, comprising: an evaporator 

having a refrigerant passage member with a refrigerant 
entrance and exit in which refrigerant evaporates to cool 
said refrigerant passage member and thus said evaporator 
to below freezing temperatures whereby frost tends to 
collect on the evaporator; means for ?owing air over 
said evaporator; duct means surrounding the evaporator 
for con?ning air ?owing over said evaporator, the duct 
means including spaced ?ns in heat exchange relationship 
with said passage member; refrigerant liquefying means 
connected to said evaporator; defrost heater means therm 
ally associated with said evaporator for periodically de~ ’ 
frosting said evaporator; temperatume responsive means 
mounted directly on said refrigerant passage member 
adjacent said refrigerant exit for detecting the tempera 
ture of refrigerant in said passage member adjacent said 
exit for initiating operation of said defrost means upon said 
temperature responsive means reaching a preselected low 
temperature indicative of undesirable frost conditions on 
said evaporator; and a mounting bracket means shielding 
said temperature responsive means from ?owing air in 
said duct means whereby said temperature responsive 
means is responsive substantially only to the temperature 
of refrigerant in said refrigerant passage member. 
2. Refrigeration apparatus, comprising: an evaporator - 

having a refrigerant passage member with a refrigerant 
entrance and exit in which refrigerant evaporates to cool 
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said refrigerant passage member and thus said evaporator 
to below freezing temperatures whereby frost tends to 
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collect on the evaporator; means for ?owing air over said 1 
evaporator; duct means surrounding the evaporator for 
con?ning air ?owing over said evaporator; refrigerant 
liquefying means connected to said evaporator; defrost 
heater means thermally associated with said evaporator 
for periodically, defrosting said evaporator; temperature 
responsive means mounted directly on said refrigerant 

, passage member adjacent said refrigerant exit for de 
tecting the temperature of refrigerant in'said passage 
member adjacent said exit for initiating operation of said 
defrost means upon saidtemperature responsive means 
reaching a preselected low temperature indicative of un 
desirable frost conditions on said evaporator; and means 15' 

shielding said temperature responsive means from ?owing 
air in said duct whereby said temperature responsive means i a 
is responsive substantially only to the temperature of 
refrigerant in said refrigerant passage member. 
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