Title of invention: Apparatus for defrosting evaporator in refrigeration system using

infrared emitting diode sensor

Technical Field

The present invention relates to an apparatus for defrosting the evaporator in refrigeration
system operated by following steps, comprising i) detecting the frost formed on the
evaporator equipped in refrigerator, cold storage, freezing storage or heat pump using
infrared emitting diode sensor; ii) transmitting the signal to the defrost system from control

processor; and iii) defrosting the evaporator by operating defrosting system.

On the other hand, the present PCT application herein claims 2 convention priorities of
Korean Patent Application No.10-2013-100895 ‘Apparatus for defrosting evaporator in
refrigeration system using infrared emitting diode sensor’ filed on August 26, 2013 as well as
Korean Patent Application No.10-2014-17681 ‘Apparatus for defrosting evaporator in

refrigeration system using infrared detecting sensor’ filed on February 17, 2014.

Description of Prior Art

In refrigerator, cold storage, freezing storage or heat pump, the refrigerant has been used
for cooling the space through circulation and heat exchange. Conventionally, cooling has
been made by circulation of 4 steps of cooling cycle, that are, compression of refrigerant,
condensation, expansion and evaporation accompanied with heat exchange. Therefore,
compressor, condenser, expansion valve and evaporator have been equipped in the

refrigeration system.



4 steps of cooling cycle can be explained as follows. The gas phase of refrigerant has
been compressed in the compressor, the compressed refrigerant has been cooled in the
condenser by the heat exchange with ambient air, the flow of liquid phase of cooled
refrigerant has been adjusted and expanded at the expansion valve, and the liquid phase of
refrigerant has been evaporated into the gas phase in the evaporator, where the ambient heat
has been absorbed for evaporation. Finally, cooled air can be supplied into storage chamber

or cooling space in the refrigeration system.

Further, the gas phase of refrigerant from the evaporator has been circulated into
compressor. Thereafter, the cooling cycle has been circulated and repeated from the
compressor. The temperature of surface of evaporator becomes lower according to the
absorption of ambient heat in the space surrounded by evaporator. Therefore, the condensed
moisture shall appear on the surface of evaporator due to the relatively hot and humid

ambient air, which causes the formation of frost on the surface of evaporator.

Further, the frost formed on the surface of evaporator becomes thicker by the lapse of
time. Accordingly, the efficiency of heat exchange with ambient air becomes lower, which
causes the decline of cooling efficiency as well as the excessive consumption of electric

power.

Conventionally, to solve such problems, the timer has been equipped in the refrigeration
system for measuring the cumulative operation time of compressor. After lapse of threshold
cumulative operation time, the defrosting has been carried out by operating the heat supply

part around evaporator.



However, in case of such conventional defrosting, the defrosting has to be carried out
periodically by the lapse of threshold cumulative operation time without measuring the
amount of frost formed on the surface of evaporator. Therefore, it has the handicaps for
effective removal of frost formed on the surface of evaporator. Further, it also requires
unnecessary consumption of electric power as well as the increase of temperature according

to the defrosting operation.

To overcome such handicaps, in Korean early publication No. 10-2011-88745 ‘Cooling
apparatus and method for detecting the frost’, it has been disclosed that the frost is detected
and measured by electric sensor, and that the frost is removed according to the signal from

the electric sensor.

According to said patent disclosure, the detection of frost has been measured by electric
capacity between cooling pin using a number of sensors. Further, the amount of frost has
been calculated and measured by the amount of electric capacity. However, in spite of the
relative complexity of detection method, the detection signal cannot be considered as reliable

because noise signal may be included in detection signal.

On the other hand, in Korean early publication No.10-2013-143452 ‘Frost sensing device
and method’, it has been disclosed that the formation of frost on the evaporator is detected
and measured through reflection of infrared, which comprises the steps of: emitting the
infrared from the infrared emission part; reflecting the infrared on the frost; and measuring

the reflected infrared at the infrared receiving part.



However, the sensitivity of infrared reflected from frost can be varied according to the
conditions of medium, in case that the infrared is emitted from emission part and the reflected
infrared is received and measured at infrared receiving part. Further, the absorption of
infrared can be differently made according to the kind of medium. Of course, the density
deviation of infrared from the infrared generator can be present even though same density of
infrared is emitted from infrared emission part, which results in the discrepancies of detection

sensitivity.

For completely removing the deviation or error incurred in frost detection sensor in the
course of generating and receiving infrared, the inventors of present application have
developed an apparatus for defrosting evaporator in refrigeration system using infrared
emitting diode sensor, which is operated by following steps comprising: i) generating and
projecting infrared from infrared emitting diode (D1) to evaporator under standard voltage; ii)
projecting detection-infrared and receiving reflection-infrared at infrared emitting diode (D2)
for measuring the voltage applied to infrared emitting diode (D2); iii) evaluating the
thickness of frost on the evaporator at control processor from the declined voltage applied to
infrared emitting diode (D2) which results from infrared interference and photoelectric effect;
and iv) operating the defrost system, when the thickness of frost is higher than threshold

value.

Problem to be solved

The problem to be solved is to develop an apparatus for defrosting evaporator in

refrigeration system using infrared emitting diode sensor for completely removing the

deviation or error incurred in frost detection sensor in the course of generating and receiving



infrared. Further, the apparatus for defrosting evaporator in refrigeration system can be
operated by following steps comprising: i) generating and projecting infrared from infrared
emitting diode (D1) to evaporator under standard voltage; ii) projecting detection-infrared
and receiving reflection-infrared at infrared emitting diode (D2) for measuring the voltage
applied to infrared emitting diode (D2); iii) evaluating the thickness of frost on the evaporator
at control processor from the declined voltage applied to infrared emitting diode (D2) which
results from infrared interference and photoelectric effect; and iv) operating the defrost

system, when the thickness of frost is higher than threshold value.

Means for solving the problem

The object of present invention is to provide an apparatus for defrosting an evaporator in
refrigeration system using infrared emitting diode sensor comprising: i) a frost detection
sensor (50) configured to receive the frost sensing signal from the output part of a control
processor (60), and to transmit the frost detection signal into the input part of a control
processor (60), wherein the frost detection signal is generated by projecting infrared to the
frost and projecting and receiving reflection-infrared from the frost; ii) a control processor
(60) configured to convert the frost detection signal into digital signal in the signal converting
part, to evaluate if the frost detection signal is higher than threshold value which is set from
signal setting part (61), and to transmit the operation signal to the defroster (70) as well as the
display signal to the signal display part (62); and iii) a defroster (70) configured to be

operated depending on the signal from the control processor (60).

Further, said frost detection sensor (50) is operated by following steps comprising: 1)

projecting the infrared from infrared emitting diode (D1) to evaporator under standard



voltage (V1) at infrared emitting part (51); ii) projecting detection-infrared and receiving
reflection-infrared at infrared emitting diode (D2) in infrared receiving part (52) wherein the
signal voltage (V2) applied to infrared emitting diode (D2) is declined compared to standard
voltage due to infrared interference and photoelectric effect; and iii) measuring the signal

voltage.

Further, the measured signal voltage (V2) is not declined in case that frost (40) is not
formed on the evaporator (20) because the detection-infrared can be projected without
infrared interference, while the measured signal voltage (V2) is declined in case that frost
(40) is formed on the evaporator (20) because the detection-infrared is hardly projected due to

infrared interference between detection-infrared and reflection-infrared from frost.

As an another embodiment of frost detection sensor (50), the frost detection sensor (50)
can be operated by following steps comprising: i) projecting the infrared from infrared
emitting diode (D1) to evaporator under standard voltage (V1) at infrared emitting part (51);
i1) projecting detection-infrared and receiving reflection-infrared at transistor (TR) in infrared
receiving part (52) wherein the signal voltage (V2) applied to transistor (TR) is declined
compared to standard voltage (V1) due to infrared interference and photoelectric effect; and

ii1) measuring the signal voltage.

Further, a control processor (60) comprises 1) a signal setting part (61) in which defrost
mode, defrost time, defrost method, defrost sensitivity, frost formation sensitivity and/or
compulsory defrost period can be input and set; and ii) a signal display part (62) in which
setting defrost mode, setting defrost time, setting defrost method and/or alarm signal for

defrosting evaporator can be displayed.



Further, the wavelength of said infrared is 800~950nm and the standard voltage (V1) in

infrared emitting diode (D1) at infrared emitting part (51) is 5V.

Advantageous effect

The advantageous effect of present invention is to provide an apparatus for defrosting
evaporator in refrigeration system using infrared emitting diode sensor for completely
removing the deviation or error incurred in frost detection sensor in the course of generating
and receiving infrared. Further, the apparatus for defrosting evaporator in refrigeration
system can be operated by following steps comprising: i) generating and projecting infrared
from infrared emitting diode (D1) to evaporator under standard voltage; ii) projecting
detection-infrared and receiving reflection-infrared at infrared emitting diode (D2) for
measuring the voltage applied to infrared emitting diode (D2); iii) evaluating the thickness of
frost on the evaporator at control processor from the declined voltage applied to infrared
emitting diode (D2) which results from infrared interference and photoelectric effect; and iv)

operating the defrost system, when the thickness of frost is higher than threshold value.

The other advantageous effect of present invention is to minimize the operation time of
defroster, because the operation of defroster is stopped by the real-time signal from the
control processor at the time of removing frost on the evaporator. Of course, the cost of

defrost can be saved efficiently according to the minimized operation time.

Brief description of drawings



Fig. 1 is a block diagram indicating the construction of a frost detection sensor, a control
processor and a defroster in the present invention. A control processor (60) includes a signal
setting part (61) in which defrost mode, defrost time, defrost method, defrost sensitivity, frost
formation sensitivity and/or compulsory defrost period can be input and set; and a signal
display part (62) in which setting defrost mode, setting defrost time, setting defrost method

and/or alarm signal for defrosting evaporator can be displayed.

Fig. 2 shows the schematic view of defroster system in the present invention.

Fig. 3a shows the detailed view indicating the infrared projection at infrared emitting
part (51) as well as the detection-infrared projection at infrared receiving part (52) in case

that frost is not formed on the evaporator.

Fig. 3b shows the detailed view indicating the infrared projection at infrared emitting
part (51) as well as the detection-infrared projection at infrared receiving part (52) in case
that frost is formed on the evaporator. The infrared interference can occur between detection-

infrared from infrared receiving part and reflection-infrared from frost.

Fig. 3¢ shows another view as to another embodiment of frost detection sensor, in
case that frost is not formed on the evaporator. The infrared is projected from infrared
emitting part (51) and the projected infrared is not reflected from evaporator in case that frost
is not formed on the evaporator. Therefore, reflected infrared cannot be detected at infrared

receiving part (52).

Fig. 3d shows another view as to another embodiment of frost detection sensor, in



case that frost is formed on the evaporator. The infrared is projected from infrared emitting
part (51) and the projected infrared is reflected from the frost on the evaporator in case that
frost is formed on the evaporator. Therefore, reflected infrared can be detected by voltage

generation at transistor (TR) in infrared receiving part (52).

Fig. 4a shows the circuit constructing infrared emitting part (51) and infrared
receiving part (52) in the frost detection sensor. Infrared emitting diode (D1) in infrared
emitting part is applied to standard voltage (5V) and infrared emitting diode (D2) in infrared

receiving part is applied to signal voltage (5V-reverse voltage).

Fig. 4b shows the graph indicating the relationship between the signal voltage
measured at infrared receiving part in frost detection sensor and the thickness of frost.
According to increase of frost thickness, the signal voltage at infrared receiving part is
declined due to the reverse-voltage generation. The threshold thickness of frost is represented

by T, and the signal voltage measured at this thickness is represented by V.

Fig. 4c shows another embodiment of circuit in another frost detection sensor. The
infrared is projected from infrared emitting diode (D1) in infrared emitting part (51) to
evaporator (20) under standard voltage. According to the density of reflection-infrared, the
formation of frost can be measured by voltage generated at transistor (TR) in the infrared

receiving part (52).

Fig. 5 shows a schematic view of frost detection sensor. The frost detection sensor
includes right and left attaching segment in front of sensor to be attached at the pin of

evaporator.



Fig. 6 shows a flow chart indicating the setting operation conditions of defroster in the
control processor of present invention. According to the setting operation conditions, the

defroster is operated by the signal from the control processor.

Description of reference numeral

10. Cooling device 20. Evaporator 30. Frost
40. Reflection of infrared ~ 50. Frost detection sensor 51. Infrared emitting part (D1)
52. Infrared receiving part (D2) 60. Control processor 70. Defroster

100. Evaporation pipe in evaporator 110. Evaporation pin

Preferred embodiment of invention

The present invention relates to an apparatus for defrosting an evaporator in
refrigeration system using infrared emitting diode sensor comprising: 1) a frost detection
sensor (50) configured to receive the frost sensing signal from the output part of a control
processor (60), and to transmit the frost detection signal into the input part of a control
processor (60), wherein the frost detection signal is generated by projecting infrared to the
frost and projecting and receiving reflection-infrared from the frost; ii) a control processor
(60) configured to convert the frost detection signal into digital signal in the signal converting
part, to evaluate if the frost detection signal is higher than threshold value which is set from
signal setting part (61), and to transmit the operation signal to the defroster (70) as well as the
display signal to the signal display part (62); and iii) a defroster (70) configured to be

operated depending on the signal from the control processor (60).
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The present invention can be explained more specifically in reference to attached

drawings.

Fig. 1 is a block diagram indicating the construction of a frost detection sensor, a

control processor and a defroster in the present invention.

The control processor (60) is a key element of the construction of present invention.
The frost detection sensor (50) is connected with control processor (60) for communicating
electric signals. Further, the defroster (70) is also connected with control processor in order to

be operated for defrosting the evaporator.

The frost detection sensor (50) includes infrared emitting part and infrared receiving
part, which is connected with control processor (60) for communicating electric signals. The
infrared is generated and projected from infrared emitting diode (D1) in infrared emitting part
(51) under standard voltage, preferably 5V, into the evaporator (20). The detection-infrared is
also generated and projected from infrared emitting diode (D2) in infrared receiving part (52)
for measuring the signal voltage applied to infrared emitting diode (D2), which is declined
compared to standard voltage due to infrared interference and photoelectric effect. Then, the

measured signal in frost detection sensor is transmitted into control processor (60).

Further, the analog voltage signal from the frost detection sensor is filtered and
converted into the digital signal in the signal converting part of control processor (60). Then,
if digital signal is higher than threshold value of frost, the operation signal from control

processor is transmitted into defroster (70).
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Further, a control processor (60) includes a signal setting part (61) in which defrost mode,
defrost time, defrost method, defrost sensitivity, frost formation sensitivity and/or
compulsory defrost period can be input and set; and a signal display part (62) in which setting
defrost mode, setting defrost time, setting defrost method and/or alarm signal for defrosting

evaporator can be displayed.

Finally, the frost formed on evaporator in refrigeration system has been defrosted by
the operation of defroster (70), which is operated by the signal from the control processor
(60). Of course, any kinds of defroster can be available, if the heating apparatus can defrost

the evaporator.

Fig. 2 shows the schematic view of defroster system in the present invention.

As shown in Fig. 2, the frost detection sensor can measure the infrared interference

signal after projecting the infrared from infrared emitting part (51) to evaporator (20),

reflecting the infrared (40) from the frost formed on evaporator and detecting and measuring

the infrared interference at infrared receiving part (52).

The wavelength of said infrared is in the range of 800~950nm.

Fig. 3a shows the detailed view indicating the infrared projection at infrared emitting

part (51) as well as the detection-infrared projection at infrared receiving part (52) in case

that frost is not formed on the evaporator.

12



If the frost is not formed on the evaporator, the infrared projected from infrared
emitting part (51) is absorbed at evaporation pipe (100) or evaporation pin (110) in the
evaporator. Therefore, infrared is not reflected from evaporator. Further, detection-infrared
projected from infrared receiving part (52) is projected without any interference. Therefore,
the voltage of infrared emitting diode (D2) in infrared receiving part (52) shall be same as the
voltage of infrared emitting diode (D1) in infrared emitting part (51). The voltage of infrared

emitting diode (D1) is preferably 5V.

Fig. 3b shows the detailed view indicating the infrared projection at infrared emitting
part (51) as well as the detection-infrared projection at infrared receiving part (52) in case
that frost is formed on the evaporator. The infrared interference can occur between detection-

infrared from infrared receiving part and reflection-infrared from frost.

If the frost is formed on the evaporator, the infrared projected from infrared emitting
part (51) is reflected from the frost on the evaporator. Therefore, infrared is reflected from
evaporator. Further, detection-infrared projected from infrared receiving part (52) can have
the interference with the infrared reflected from frost. Therefore, the voltage of infrared
emitting diode (D2) in infrared receiving part (52) shall be declined than the voltage of

infrared emitting diode (D1) in infrared emitting part (51) due to the infrared interference.

Fig. 3¢ shows another view as to another embodiment of frost detection sensor, in

case that frost is not formed on the evaporator.

The infrared is projected from infrared emitting part (51) and the projected infrared is

not reflected from evaporator in case that frost is not formed on the evaporator. Therefore,

13



reflected infrared cannot be detected at infrared receiving part (52). Accordingly, voltage

generation cannot occur caused by reflected infrared.

Fig. 3d shows another view as to another embodiment of frost detection sensor, in

case that frost is formed on the evaporator.

The infrared is projected from infrared emitting part (51) and the projected infrared is
reflected from the frost on the evaporator in case that frost is formed on the evaporator.
Therefore, reflected infrared can be detected by voltage generation at transistor (TR) in

infrared receiving part (52).

Fig. 4a shows the circuit constructing infrared emitting part (51) and infrared

receiving part (52) in the frost detection sensor.

Infrared emitting diode (D1) in infrared emitting part is applied to standard voltage
(5V) and infrared emitting diode (D2) in infrared receiving part is applied to signal voltage
(5V-reverse voltage). According to increase of reflected infrared, the reverse voltage also
increases, which results in the decline of signal voltage at infrared emitting diode (D2).
Therefore, the voltage of infrared emitting diode (D2) in infrared receiving part (52) shall be
declined than the voltage (5V) of infrared emitting diode (D1) in infrared emitting part (51)

due to the infrared interference.

On the other hand, if the frost is not formed, the infrared is not reflected, which cannot
result in reverse voltage generation. Therefore, the signal voltage in infrared receiving part

shall be same as standard voltage in infrared emitting part.

14



Fig. 4b shows the graph indicating the relationship between the signal voltage

measured at infrared receiving part in frost detection sensor and the thickness of frost.

According to increase of frost thickness, the signal voltage at infrared receiving part is
declined due to the reverse-voltage generation. The threshold thickness of frost is represented

by T, and the signal voltage measured at this thickness is represented by V.

Of course, the threshold thickness of frost T; can be measured by signal voltage V; at
infrared receiving part. Further, signal voltage V; also can be set at the control processor (60)

through the setting in signal setting part (61).

Fig. 4c shows another embodiment of circuit in another frost detection sensor.

In another embodiment of circuit, the transistor is replaced for measuring voltage

instead of infrared emitting diode (D2) in preferred embodiment.

The infrared is projected from infrared emitting diode (D1) in infrared emitting part
(51) to evaporator (20) under standard voltage. According to the density of reflection-infrared,
the formation of frost can be measured by the voltage generated at transistor (TR) in the

infrared receiving part (52).

Fig. 5 shows a schematic view of frost detection sensor. The frost detection sensor
includes right and left attaching segment in front of sensor to be attached at the pin of

evaporator.

15



Further, the frost detection sensor (50) includes infrared emitting part containing
infrared emitting diode (D1) and infrared receiving part containing infrared emitting diode

(D2).

Fig. 6 shows a flow chart indicating the setting operation conditions of defroster in the
control processor of present invention. According to the setting operation conditions, the

defroster is operated by the signal from the control processor.

The control processor (60) includes a signal setting part (61) in which defrost mode,
defrost time, defrost method, defrost sensitivity, frost formation sensitivity and/or
compulsory defrost period can be input and set; and a signal display part (62) in which setting
defrost mode, setting defrost time, setting defrost method and/or alarm signal for defrosting

evaporator can be displayed.

In this figure, the procedure for setting the defrost time, defrost mode, defrost method
and frost formation sensitivity has been illustrated. Further, the procedure for setting the
threshold frost formation sensitivity, defrost period and recognition delay time has been also

tllustrated.

Further, if the signal over threshold value is transmitted from frost detection sensor
(50) to control processor (60), the defroster (70) will be operated in accordance with the
operation signal from control processor based upon the installed program. After complete
removal of frost, defroster will be stopped in response to the signal detected from frost

detection sensor (50).

16



Further, the invention can minimize the operation time of defroster, because the operation
of defroster is stopped by the real-time signal from the control processor at the time of
removing frost on the evaporator. Of course, the cost of defrost can be saved efficiently

according to the minimized operation time.
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What is claimed is:

1. An apparatus for defrosting an evaporator in refrigeration system using infrared
emitting diode sensor comprising:

1) a frost detection sensor (50) configured to receive the frost sensing signal from the
output part of a control processor (60), and to transmit the frost detection signal into the input
part of a control processor (60), wherein the frost detection signal is generated by projecting
infrared to the frost and projecting and receiving reflection-infrared from the frost;

i) a control processor (60) configured to convert the frost detection signal into digital
signal in the signal converting part, to evaluate if the frost detection signal is higher than
threshold value which is set from signal setting part (61), and to transmit the operation signal
to the defroster (70) as well as the display signal to the signal display part (62); and

ii1) a defroster (70) configured to be operated depending on the signal from the control

processor (60).

2. The apparatus for defrosting an evaporator according to claim 1, wherein said frost
detection sensor (50) is operated by following steps comprising:

1) projecting the infrared from infrared emitting diode (D1) to evaporator under standard
voltage (V1) at infrared emitting part (51);

il) projecting detection-infrared and receiving reflection-infrared at infrared emitting
diode (D2) in infrared receiving part (52) wherein the signal voltage (V2) applied to infrared
emitting diode (D2) is declined compared to standard voltage due to infrared interference and
photoelectric effect; and

ii1) measuring the signal voltage.

3. The apparatus for defrosting an evaporator according to claim 2, wherein the measured

18



signal voltage (V2) is not declined in case that frost (40) is not formed on the evaporator (20)
because the detection-infrared can be projected without infrared interference, while the
measured signal voltage (V2) is declined in case that frost (40) is formed on the evaporator
(20) because the detection-infrared is hardly projected due to infrared interference between

detection-infrared and reflection-infrared from frost.

4. The apparatus for defrosting an evaporator according to claim 1, wherein the other type
of frost detection sensor (50) can be operated by following steps comprising:

1) projecting the infrared from infrared emitting diode (D1) to evaporator under standard
voltage (V1) at infrared emitting part (51);

i) projecting detection-infrared and receiving reflection-infrared at transistor (TR) in
infrared receiving part (52) wherein the signal voltage (V2) applied to transistor (TR) is
declined compared to standard voltage (V1) due to infrared interference and photoelectric
effect; and

ii1) measuring the signal voltage.

5. The apparatus for defrosting an evaporator according to claim 1, wherein a control
processor (60) comprises 1) a signal setting part (61) in which defrost mode, defrost time,
defrost method, defrost sensitivity, frost formation sensitivity and/or compulsory defrost
period can be input and set; and ii) a signal display part (62) in which setting defrost mode,
setting defrost time, setting defrost method and/or alarm signal for defrosting evaporator can

be displayed.

6. The apparatus for defrosting an evaporator according to anyone of claims 1-5, wherein

the wavelength of said infrared is 800~950nm and the standard voltage (V1) in infrared
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emitting diode (D1) at infrared emitting part (51) is 5V.
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