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{571 ABSTRACT

A defrosting apparatus for a refrigerator or the like
wherein supply of cooling medium to a coil-fin type
evaporator is initiated and stopped by sensing the tem-
perature of the evaporator at three locations, namely
near the cooling medium inlet of the coil, near a loca-
tion where the evaporator has the lowest temperature
in case the condensation temperature of the cooling
medium becomes high due to a rise of atmospheric
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DEFROSTING APPARATUS

This invention relates to a defrosting apparatus in a
domestic refrigerator or the like having an evaporator,
and more particularly to a defrosting apparatus which
always avoids excessive accumulation of frost on an
evaporator for a domestic refrigerator or the like.

The inventor previously developed a novel tempera-
ture sensing device which comprises a pair of elec-
trodes and water between thé electrodes, thereby
switching at 0° C due to the difference in resistivity be-
tween liquid water and ice, as disclosed, for example,
in U.S. Pat. No. 3,514,735. By utilizing such tempera-
ture sensing devices, the inventor further developed a
novel defrosting apparatus for a domestic refrigerator
or the like wherein first and second temperature sens-
ing devices are arranged respectively near the cooling
medium inlet and outlet of a cooling coil of an evapora-
tor for a domestic refrigerator or the like. An electric
control circuit is provided which stops the supply of
cooling medium to the evaporator when water in both
of the first and second sensing devices has frozen and
does not permit further supply of cooling medium until
ice in both of the first and second sensing devices has
melted, as disclosed, for example, in said U.S. Pat. No.
3,514,735 (see FIG. 6 and the corresponding disclo-
sure of said Patent). In this defrosting apparatus, frost
formed on the evaporator is removed by melting during
the stopping of the supply of cooling medium to the
evaporator and said supply of cooling medium or cool-
ing operation is reopened first when frost on cooling
fins near the inlet of cooling coil, where frost is usually
formed first, has been removed. The supply of cooling
medium or the cooling operation is continued until
frost has been formed on cooling fins near the outlet of
cooling coil, where frost is formed last, and then is
stopped. By such cyclic cooling and defrosting, temper-
ature in the domestic refrigerator or the like is also
maintained at approximately constant value.

The above defrosting apparatus is based on an as-
sumption that the temperature of an evaporator always
has its lowest value at the inlet of a cooling coil and,
therefore, frost is formed first necessarily at a location
near said inlet. It is well known, however, that the con-
densation temperature of a cooling medium rises when
atmospheric temperature is high, such as in summer
and, in this case, the cooling medium has its lowest
temperature at a somewhat lower reach of the cooling
coil rather than at the inlet of said coil, namely immedi-
ately after the expansion valve for the cooling medium,
so that frost is formed on the evaporator first at such
lower reach, The aforestated defrosting apparatus,
therefore, exhibits the following-disadvantages when
the condensation temperature of the cooling medium
becomes high due to a rise of atmospheric temperature
or other reasons.

That is, the cooling operation is reopened when some
frost still remains on the evaporator because such re-
opening of cooling operation is ordered by the first
sensing device which takes its “ON” state when frost
near the cooling medium inlet has been removed, but
frost at such lower reach, where frost was formed first,
has not yet been removed. Such too earlier reopening
of the cooling operation will, of course, cause excessive
cooling of the atmosphere within the domestic refriger-
ator or the like so that reserves in the refrigerator will
often be deteriorated due to excessive cooling of the
same. Further, frost always remaining on the evapora-
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tor at such lower reach prevents heat exchange be-
tween the evaporator and the atmosphere in the refrig-
erator so that cooling efficiency is lowered, requiring
more power or energy for cooling. For eliminating such
disadvantages, it is considered that said first tempera-
ture sensing device is displaced according to atmo-
spheric temperature or condensation temperature of
cooling medium but, in practice, that is too inconve-
nient. ‘

Accordingly, the present invention aims at providing
a novel defrosting apparatus which eliminates the
aforestated disadvantages of the defrosting apparatus
according to the prior art.

The invention and its attendant advantages will be-
come more readily apparent as the specification is con-
sidered in conjunction with the accompanying draw-
ings in which:

FIG. 1 is a diagrammatic view of an embodiment of
the defrosting apparatus according to the present in-
vention; and

FIG. 2 is an enlarged sectional view of a temperature
sensing device employed in the defrosting apparatus
shown in FIG. 1.

Referring now to the drawings, there is shown in FIG.
1 an evaporator 10 for a domestic refrigerator or the
like. The evaporator 10 comprises a cooling coil 11 for
flowing cooling medium or coolant therethrough and a
number of spaced cooling fins 12 which are fixedly at-
tached to the coil. The coil 11 has a coolant inlet 11a
and a coolant outlet 115 and, as is usual, between the
inlet and the outlet is connected a refrigerating mecha-
nism comprising compressor or refrigerating machine,
condenser, expansion valve and the like (not shown).
Behind the evaporator 10 is arranged a pair of cooling
fans 13 which are always driven to rotate so that the air
in the refrigerator is forcedly brought into convection
current.

According to the present invention, three tempera-
ture sensing devices, namely first, second and third
temperature sensing devices 14A, 14B and 14C, are
provided in a manner detailed hereinafter. The first de-
vice 14A is fixedly attached to a cooling fin 12 near the
inlet 114 of the cooling coil 11 so that said device 14A
senses the temperature of the evaporator 10 near said
inlet 11a. The second device 14B is fixedly attached to
a cooling fin 12 near a location on the evaporator 10
where said evaporator has its lowest temperature in
case the condensation temperature of the cooling me-
dium reaches the highest value during use of the refrig-
erator so that said device 14B senses the temperature
of the evaporator 10 at such location. Further, the third
device 14C is fixedly attached to a cooling fin 12 near
the outlet 115 of the cooling coil 11 so that said device
14C senses the temperature of the evaporator 10 near
said outlet 11b.

Each of the first, second and third temperature sens-
ing devices 14A, 14B and 14C is constructed in a fash-
ion as shown in FIG. 2. The temperature sensing device
14 shown in FIG. 2 comprises a cylindrically shaped
housing 15 of metal, which contains water 16. A plug
17 of non-conductive material seals the upper opening
of the housing 15. An electrode 18 extends through the
plug 17 into the housing 15 so as to be immersed in the
water 16. A terminal 19 is connected to the electrode
18, and the housing 15 is fixedly attached to a cooling
fin 12, as in the case of the aforestated devices 14A,
14B and 14C. When an electric potential is applied be-
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tween the terminal 19 and the housing 15, an electric
current flows between said terminal 19 and the housing
15 when the water 16 is in liquid state due to the small
resistivity of liquid water. However, a current does not
flow substantially when the water 16 becomes solidified
into ice at 0° C due to the relatively high resistivity of
ice. Therefore, the device 14 acts as a switch operating
at 0° C whereby a temperature of 0° C is sensed.

In general, each of the first, second and third temper-
ature sensing devices employed in the defrosting appa-
ratus according to the present invention comprises a
pair of electrodes (in the case of the device shown in
FIG. 2, the housing 15 and the electrode 18) and water
between the electrodes, thereby switching at 0° C due
to the difference in resistivity between liquid water and
ice. Variations and modifications of such temperature
sensing device are disclosed, for example, in said U.S.
Pat. No. 3,514,735.

Turning again to a consideration of FIG. 1, an elec-
tric control circuit 20 is connected to said first, second
and third devices 14A, 14B and 14C. The circuit 20 in-
cludes an electric power source 21 which is connected
through a transformer 22 to a power output 23 having
a terminal 24 connected to the terminals 19A, 19B and
19C of the devices 14A, 14B and 14C and another ter-
minal 25 for supplying electric power to each of transis-
tors detailed later. The housings of the devices 14A,
14B and 14C are commonly grounded at 26 through
the coil 11 and the fins 12. Each of the terminals 194,
19B and 19C of the devices 14A, 14B and 14C is con-
nected to the bases of a pair of series-connected tran-
sistors 27A, 28A; 27B, 28B; or 27C, 28C through a
condenser 29A, 29B or 29C so that electric current
flowing between the emitter and base of each transistor

is amplificd by electric current flowing between the -

clectrode and housing of each of the temperature sens-
ing devices. Each pair of the transistors is in turn con-
nected to a micro-relay 30A, 30B or 30C so that the
micro-relay is energized when electric current flowing
between the emitter and base of associated transistors
is amplified. The control circuit 20 further includes a
relay 31 which is connected to the power source 21 and
to the micro-relays 30A, 30B and 30C. The relay 31 in
turn includes a switch 32 for actuating the refrigerating
machine driving means (not shown) which is con-
nected to terminals 33 and 34. The relay 31 further in-
cludes a so-called self-maintenance circuit 35 having a
coil 354 and a movable contact 35bh, which circuit is
connected to the micro-relays so that the circuit 35
opens the switch 32 when all of the three micro-relays
30A, 30B and 30C have been deenergized and closes
said switch 32 when all of said three micro-relays have
been energized, as shown in FIG. 1.

In the embodiment shown in FIG. 1, a further tem-
perature sensing switch means 36 is provided in the re-
frigerator for sensing the temperature of atmosphere in
said refrigerator. Said means 36 is such that is em-
ployed in a usual thermostat and makes a switching op-
eration at a variable set temperature so that it takes an
ON state above the set temperature and an OFF state
below said temperature. The switch means 36 is con-
nected in series to the third temperature sensing device
14C, as shown in FIG. 1.

The defrosting apparatus shown in FIG. 1 operates as
follows: Before the refrigerator is cooled, considerable
current flows through each of the first, second and
third temperature sensing devices 14A, 14B and 14C so
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that all of the micro-relays 30A, 30B and 30C are ener-
gized by the transistors 27A, 28A; 27B, 28B; and 27C,
28C, whereby the switch 32 is closed to operate the re-
frigerating machine. Thus, cooling medium is supplied
to the evaporator 10 so that the atmosphere in the re-
frigerator is gradually cooled. In this case, the tempera-
ture sensing switch means 36 is, of course, in an ON
state.

As cooling proceeds, frost is formed gradually on the
evaporator 10, This formation of frost begins at a loca-
tion on the evaporator where the cooling coil 11 or
cooling medium flowing therethrough has the lowest
temperature. Therefore, frost is formed on the evapo-
rator 10 first near the first device 14A when the con-
densation temperature of the cooling medium is rela-
tively low and near the second device 14B when said
condensation temperature becomes high due to a rise
of atmospheric temperature or other reasons. In any
event, water in the first or second detector 14A or 14B
near which frost is formed first becomes solidified into
ice first so that the micro-relay 30A or 30B associated
with the particular device is deenergized. In this case,
however, the switch 32 in the relay 31 is not opened
due to electric current flowing through the coil 354 of
the self-maintenance circuit 35 which current keeps
the movable contact 35b in the ON position.

When cooling proceeds further, frost is formed on
the evaporator 10 near the second or first device 14B
or 14A which still contains liquid water so that water
in the said device 14B or 14A becomes solidified,
whereby the micro-relay 30B or 30A associated with
said device is deenergized. In this case, too, the switch
32 is not opened due to the presence of the self-
maintenance circuit 35. The switch 32 for actuating the
refrigerating machine is opened first after a further
cooling either when frost has been formed ncar the out-
let 115 of the cooling coil 11 and the third device 14C
so that water in the third device 14C becomes solidified
into ice or when the atmosphere in the refrigerator has
been cooled to the set temperature on the switch means
36. In this case, the micro-relay 30C is deenergized so
that electric current flowing through the coil 35a is cut
off to cause displacement of the movable contact 35b
to OFF position whereby the switch 32 is opened. The
supply of cooling medium to the evaporator 10 is thus
stopped. At this point in time, frost formed on the evap-
orator near the first and second devices 14A and 14B
has been supercooled below 0° C.

During the stopping of the supply of cooling medium
to the evaporator 10, frost on said evaporator gradually
melts. This melting or removal of frost proceeds gradu-
ally from the lower reach of the coil 11 to the upper
reach of said coil. Due to stopping of the supply of
cooling medium, the third sensing device 14C or the
switch means 36 which has taken an OFF state takes an
ON state due to thte melting of ice in the device 14C
or arise in the temperature of the atmosphere in the re-
frigerator to the set temperature on the means 36 so
that electric current begins to flow through the third
device 14C whereby the micro-relay 30C is energized
again. In this case, however, the switch 32 for actuating
the refrigerating machine is not closed because the
movable contact 35b in the self-maintenance circuit 35
is in the OFF position. As the stopping of the supply of
cooling medium to the evaporator 10 continues fur-
ther, frost on the evaporator near the first and second
devices 14A and 14B begins to melt. The melting of
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frost at such locations occurs first near the first device
14A or 14B which was turned into the OFF state later
than the other device 14A or 14B, as can easily be un-
derstood, and occurs then near the other device 14A or
14B which was turned into an oFF state earlier than
said first device. The switch 32 is still not closed, when
only one of the first and second devices 14A and 14B
turns into the ON state due to melting of frost near said
one device and therefore melting of ice in said one de-
vice, because energizing of only one of the micro-relays
30A and 30B does not cause displacement of the mov-

able contact 35b to its ON position. The switch 32 for
" actuating the refrigerating machine is closed only when
both of the first and second devices 14A and 14B turn
to an ON state so that both of the micro-relays 30A and
30B are energized. Supply of cooling medium to the
evaporator 10 is thus initiated again or reopened only
when frost on said evaporator has been removed per-
fectly. Thereafter, the defrosting apparatus shown in
FIG. 1 repeats the above operation.

During the stopping of the supply of cooling medium
to the evaporator 10, frost, especially supercooled frost
near the first and second sensing devices 14A and 14B,
‘takes heat or calories corresponding to latent heat for
melting away from air surrounding the frost as said
frost melts so that said air is cooled. Such cooled air is
forcedly circulated in the refrigerator by the fans 13 so
that the temperature of the atmosphere in the refrigera-
tor is maintained at approximately constant value even
when the supply of cooling medium to the evaporator
is stopped.

In addition, when humidity in the refrigerator is very
low or the water content of reserves in the refrigerator
is low, little frost is formed on the evaporator. Even in
this case, the defrosting apparatus shown in FIG. 1 op-
erates in a like manner because the temperature of the
evaporator is lowered and raised in a same manner as
stated before. .

As can be understood from the above, the defrosting
apparatus according to the present invention removes
frost on an evaporator employed in a refrigerator per-
fectly and automatically even when the condensation
temperature of the cooling medium becomes high due
to a rise of atmospheric temperature or other reasons
such as, for example, a rise in the temperature of re-
peatedly used cooling air for a condenser for condens-
ing the cooling medium before the evaporator. Further,
as can also be understood now, the defrosting appara-
tus acts as a temperature control apparatus which al-
ways maintains temperature in the refrigerator at an
approximately constant value notwithstanding various
changes in atmospheric temperature and the amount
and character of reserves in the refrigerator.

Needless to say, the defrosting apparatus according
to the present invention is much simpler in construc-
tion and is offered with much lower cost than a defrost-
ing apparatus of water spray type, heater type, hot gas
type or the like according to the prior art. In addition,
the third temperature sensing device arranged near the
outlet of the cooling coil prevents so-called liquid re-
turn to a compressor for the cooling medium because
the said device stops the flow of cooling medium when
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-6
the medium is going to leave the evaporator below a
temperature of 0° C.

While the invention has been described by means of
a specific.example and in a specific embodiment, it is
not intended to be limited thereto, for obvious modifi-
cations will occur to those skilled in the art without de-
parting from the spirit and scope of the invention.

What is claimed is: ' '

1. In a domestic refrigerator having an evaporator
comprising a cooling coil and cooling fins attached to
the cooling coil, a defrosting apparatus comprising a
first temperature sensing device mounted in heat trans-
fer relation with a cooling medium inlet of the cooling
coil for sensing the temperature of the evaporator near
said inlet, a second temperature sensing device
mounted in heat transfer relation with the evaporator
where said evaporator has its lowest temperature in
case the condensation temperature of the cooling me-
dium becomes high due to a rise of atmospheric tem-
perature for sensing the temperature of the evaporator
near said. location, a third temperature sensing device
mounted in heat transfer relation with a cooling me-
dium outlet of the cooling coil for sensing the tempera-
ture of the evaporator near said outlet, each of the tem-
perature sensing devices comprising a pair of elec-
trodes and water between the electrodes for switching
at 0° C due to the difference in resistivity between lig-
uid water and ice, and an electric control circuit for
stopping the supply of cooling medium to the evapora-
tor when water in all of the first, second and third sens-
ing devices has frozen and continues stopping of the
supply of cooling medium until ice on all. of the first,
second and third sensing devices has melted.

2. The defrosting apparatus as claimed in claim 1
wherein said first, second and third temperature sens-
ing devices are attachéd to the cooling fins.

3. The defrosting apparatus as claimed in claim 1 in-
cluding temperature sensing switch means which senses
the temperature of atmosphere in the-domestic refrig-
erator and takes an ON state above a required tempera-
ture and an OFF state below a required temperature
connected in series to said third temperature sensing
device.

4. The defrosting apparatus as claimed in claim 1
wherein said electric control circuit controls initiating
and stopping of refrigerating machine connected to
said evaporator.

§. The defrosting apparatus as claimed in claim 4
wherein said electric control circuit includes amplify-
ing means for electric current flowing between the
electrodes of each of the sensing devices, a micro-relay
for each sensing device which is energized by electric
current flowing between the electrodes of the associ-
ated sensing device and:through said amplifying means,
and a relay including switch means for initiating and
stopping the refrigerating machine, the said relay fur-.
ther including a self-maintenance circuit which opens
the switch means when all of the three micro-relays
have been deenergized and closes the switch means
when all of the three micro-relays have been energized
again.
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