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(54) Title: REFRIGERATOR WITH AN IMPROVED DEFROST CIRCUIT AND METHOD OF CONTROLLING THE REFRI-
GERATOR

(57) Abstract: The present invention relates to a refri-
gerator comprising: a refrigeration circuit (14) which in-
cludes: a compressor (2), a condenser (3), a first capil-
lary (4), a freezer evaporator (5) and a fresh food evap-
orator (6) which are serially arranged and fluidly con-
nected to one another by respective lines for circulating
a refrigerant, a defrost circuit (15) which includes a by-
pass line (7) which fluidly connects the output of the
compressor (2) with the input of the freezer evaporator
(5), and a first valve unit (8) for respectively controlling
a convey of the refrigerant output from the compressor
(2) to an input of the condenser (3) and to the bypass
line (7) and a control unit for controlling the refrigera-
tion circuit (14) and the defrost circuit (15), wherein the
control unit has a defrost mode and a normal refrigera-
tion mode.
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Description
REFRIGERATOR WITH AN IMPROVED DEFROST CIRCUIT AND METHOD OF

[0001]

[0002]

[0003]

[0004]

CONTROLLING THE REFRIGERATOR
The present invention relates to a method of controlling a refrigerator, in
particular a domestic refrigerator which includes one freezer evaporator
and one fresh food evaporator. The present invention particularly relates a
method of controlling the refrigerator to defrost the freezer evaporator.
A conventional domestic refrigerator typically includes a refrigeration
circuit (147) which includes a compressor (2°) a condenser (3°), a capillary
tube (4°), a freezer evaporator (5°) and a fresh food evaporator (6°) which
are serially arranged and fluidly connected to one another by respective
lines for circulating a refrigerant (Fig. 1). The refrigerant circulating through
the freezer evaporator cools a surface thereof. The ambient vapor inside
the freezer compartment condenses on the surface of the evaporator and
forms frost. Frost has a relatively low thermal conductivity, and blocks the
air passages of the evaporator. Therefore, the cooling performance of the
refrigerator reduces and an energy consumption of the refrigerator
increases. Therefore, the frost must be intermittently removed.
Several techniques have been developed to remove the frost accumulated
on the surface of the freezer evaporator. In a commonly known technique,
a heater wire is utilized to melt the frost. The heater wire is arranged in the
vicinity of the freezer evaporator. According to this technique, the normal
refrigeration cycle is stopped and the heater wire is energized to melt the
frost. A drawback of this technique is that an energizing of the electric wire
incurs extra energy consumption. Moreover, the provision of the electric
wire and the installation thereof increases the cost of the refrigerator.
In another commonly known technique, the hot refrigerant in the
condenser is utilized for melting the frost on the freezer evaporator. This
technique is also known as the hot gas defrost technique. According to the
hot gas defrost technique, the hot refrigerant in the condenser is drawn
into the freezer evaporator. The hot gas in the freezer evaporator is
circulated by the compressor while bypassing the condenser. A drawback

of this technique is that liquid refrigerant may enter into the compressor.
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Thus, a life time of the compressor degrades.

CN 2937962 (Y) discloses a refrigerator which has a refrigeration circuit
and a hot gas defrost circuit. The refrigeration circuit includes two
evaporators. The hot gas defrost circuit includes a bypass circuit for
circulating the hot gas through the evaporators.

An objective of the present invention is to provide a refrigerator and
method for controlling the refrigerator which overcome the aforementioned
problems of the prior art and improve a defrost efficiency.

This objective has been achieved by the refrigerator according to the
present invention as defined in claim 1, and the method of controlling the
refrigerator according to the present invention as defined in claim 9.
Further achievements have been attained by the subject-matters
respectively defined in the dependent claims.

The refrigerator of the present invention has a defrost circuit which
includes an additional capillary which is arranged parallel to an
intermediary line which fluidly connect an output of a freezer evaporator
with an input of a fresh food evaporator. The defrost circuit further includes
an additional valve unit for respectively controlling convey of the refrigerant
output from the freezer evaporator to the additional capillary and to the first
intermediary line. In the defrost mode, the refrigerant is conveyed through
the additional capillary which throttles the convey of the refrigerant.
Thereby, the compressor is enabled to effectively compress the refrigerant
which is output from the fresh food evaporator. The freezer evaporator
receives hot refrigerant from the compressor and effectively functions like
a “condenser”. Thus, during the defrost mode, the fresh food evaporator
can effectively perform cooling as if being operated in the normal
refrigeration mode. In the normal refrigeration mode, the refrigerant is
conveyed through the intermediary line.

In an embodiment, the defrost circuit has an additional valve unit for
preventing refrigerant from flowing back into the additional capillary of the
refrigeration circuit. During the defrost mode, as the compressor starts to
effectively compress the refrigerant which is output from the fresh food

evaporator, the pressurized refrigerant which is output from the bypass
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line also tends to flow back into the capillary of the refrigeration circuit. The
additional valve unit avoids such flow back. Thereby, the pressurized
refrigerant is completely conveyed into the freezer evaporator during the
defrost mode. Consequently, the defrosting efficiency in the freezer
evaporator is increased. In addition, the cooling efficiency in the fresh food
evaporator is also increased.

The refrigerator of the present invention enables cooling of the fresh food
evaporator while simultaneously defrosting the freezer evaporator. Thus,
the refrigerator of the present invention has an improved defrost efficiency.
Moreover, the overall energy efficiency of the refrigerator is improved. In
addition, the refrigerator of the present invention prevents liquid refrigerant
from entering into the compressor. Thereby, a life time of the compressor
is considerably prolonged. Consequently, the maintenance requirements
of the refrigerator of the present invention is low. Hence, a consumer
satisfaction is also improved.

Additional advantages of the control method according to the present
invention and the refrigerator according to the present invention will
become apparent with the detailed description of the embodiments with
reference to the accompanying drawings in which:

Figure 1 - is a schematic view of a conventional refrigeration circuit.
Figure 2 - is a schematic view of a refrigeration circuit and a defrost circuit
according to an embodiment of the present invention.

Figure 3 - is a schematic view of a refrigeration circuit and a defrost circuit
according to another embodiment of the present invention.

Figure 4 - is a schematic perspective front view showing the outputs of a
first valve unit and a second valve unit according to another embodiment
of the present invention.

The reference signs appearing on the drawings relate to the following
technical features.

1. Refrigerator

2. Compressor

3. Condenser

4. First capillary



WO 2015/043678 PCT/EP2013/070357

[0017]

[0018]

[0019]

4/12

. Freezer evaporator
. Fresh food evaporator

. Bypass line

0 N O O

. First valve unit

9. Second capillary

10. First intermediary line

11. Second valve unit

12.  Third valve unit

13. Second intermediary line

14. Refrigeration circuit

15. Defrost circuit

The refrigerator (1) comprises a refrigeration circuit (14) and a defrost
circuit (15). The refrigeration circuit (14) includes a compressor (2), a
condenser (3), a first capillary (4), a freezer evaporator (5) and a fresh
food evaporator (6) which are serially arranged and fluidly connected to
one another by respective lines for circulating a refrigerant. The defrost
circuit (15) includes a bypass line (7) which fluidly connects the output of
the compressor (2) with the input of the freezer evaporator (5) and a first
valve unit (8) for respectively controlling a convey of the refrigerant output
from the compressor (2) to an input of the condenser (3) and to the bypass
line (7) (Figs. 2 and 3). The refrigerator (1) further includes a control unit
(not shown) for controlling the refrigeration circuit (14) and the defrost
circuit (15). The control unit has a defrost mode and a normal refrigeration
mode.

In the refrigerator (1) of the present invention, the defrost circuit (15)
further includes a second capillary (9) which is arranged parallel to a first
intermediary line (10) which fluidly connect the output of the freezer
evaporator (5) with the input of the fresh food evaporator (6) (Figs. 2 and
3). The defrost circuit (15) further includes a second valve unit (11) for
respectively controlling convey of the refrigerant output from the freezer
evaporator (5) to the second capillary (9) and to the first intermediary line
(10) (Figs. 2 and 3).

By virtue of the second capillary (9), conveying of refrigerant is throttled
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during the defrost mode. Thereby, the compressor (2) is enabled to
compress the refrigerant which is output by the fresh food evaporator (6).
The freezer evaporator (5) receives hot refrigerant and effectively
functions like a “condenser”. Thus, during the defrost mode, the fresh food
evaporator (6) performs cooling as in the normal refrigeration mode. The
pressure-drop across the second capillary (9) during the defrost mode is
smaller than the pressure-drop across the first capillary (4) during the
normal refrigeration mode. The first capillary (4) and the second capillary
(9) used in the present invention are throttling devices. Alternatively, an
expansion valve, a needle valve or the like can be used for achieving
pressure differences in the refrigeration circuit (14)/defrost circuit (15) of
the present invention.

In an embodiment, the refrigerator (1) has a first temperature sensor (not
shown) for detecting a temperature of the refrigerant at an output of the
condenser (3) and for outputting a signal to the control unit. The signal is
indicative of the detected temperature. By virtue of the temperature
sensor, a rate of temperature change of the refrigerant at an output side of
the condenser (3) is monitored. Thereby, a transient phase and a steady
state phase of the defrost mode can be discriminated.

In another embodiment, the refrigerator (1) has a second temperature
sensor (not shown) for detecting a temperature of a surface of the freezer
evaporator (5) and for outputting a signal to the control unit. The signal is
indicative of the detected temperature. By virtue of the temperature
sensor, a temperature of the surface of the freezer evaporator (5) is
monitored. Thereby, the melting process can be better watched.

In another embodiment, the refrigerator (1) has a timer (not shown) for
detecting an elapsed time and for outputting a signal to the control unit.
The signal is indicative of the elapsed time. By virtue of the timer, a
duration for allowing the frost on the freezer evaporator (5) to melt can be
monitored.

In another embodiment, the first valve unit (8) is configured by a three-way
valve which includes an input, a first output and a second output (Fig. 4).

The input of the first valve unit (8) is fluidly connected to the output of the
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compressor (2), the first output is fluidly connected to the input of the
condenser (3), and the second output is fluidly connected to the bypass
line (7) (Figs. 2 and 3). The use of a three-way valve simplifies control of
the defrost circuit (15).

In another embodiment, the second valve unit (11) is configured by a
three-way valve which includes an input, a first output and a second output
(Fig. 4). The input of the second valve unit (11) is fluidly connected to the
output of the freezer evaporator (5), the first output is fluidly connected to
the first intermediary line (10), and the second output is fluidly connected
to the second capillary (9) (Figs. 2 and 3).

In another embodiment, the defrost circuit (15) has a third valve unit (12)
for preventing refrigerant from flowing back into the first capillary (4) (Fig.
3). As the compressor (2) starts to effectively compress the refrigerant
which is output by the fresh food evaporator (6), the pressurized
refrigerant which is output the bypass line (7) also tends to flow back into
the first capillary (4). By virtue of third valve unit (12), the flow back can be
avoided. Thereby, the pressurized refrigerant can be completely conveyed
into the freezer evaporator (5) during the defrost mode.

In another embodiment, the third valve unit (12) includes an input and an
output (Fig. 3). The input of the third valve unit (12) is fluidly connected to
an output of the first capillary (4) (Fig. 3). The output of the third valve unit
(12) is connected to a second intermediary line (13) which is fluidly
connected to the output of the bypass line (7) and the input of the freezer
evaporator (5) (Fig. 3).

The method for controlling the refrigerator (1) of the present invention,
comprises the steps of: initiating the defrost mode; activating the
compressor (2); conveying the output of the compressor (2) to an input of
the freezer evaporator (5) by inhibiting a convey of the refrigerant output
from the compressor (2) to the condenser (3) and by allowing a convey of
the refrigerant output from the compressor (2) to the bypass line (7); and
conveying the refrigerant output from the freezer evaporator (5) to the
fresh food evaporator (6) by inhibiting convey of the refrigerant output from

the freezer evaporator (5) to the first intermediary line (10) and by allowing
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convey of the refrigerant output from the freezer evaporator (5) to the
second capillary (9) (Figs. 2 and 3).

In an embodiment, the step of allowing the convey of the refrigerant output
from the compressor (2) to the bypass line (7) includes a step of
determining a rate of temperature change of the refrigerant at an output of
the condenser (3). In this embodiment, the refrigerant is inhibited to be
conveyed to the bypass line (7) when said rate of temperature change is
above a threshold rate and the refrigerant is started being conveyed to the
bypass line (7) when said rate of temperature change drops below a
threshold rate. Thus, at the initial phase of the defrost mode the hot
refrigerant in the condenser (3) is drawn into the freezer evaporator (5) by
the compressor (2). The rate of temperature change of the refrigerant at
the output of the condenser (3) is above a threshold rate at the initial
phase of the defrost mode. Once an equilibrium state is reached in the
defrost mode such that the rate of temperature change of the refrigerant at
the output of the condenser (3) drops below a threshold rate, the bypass
line (7) is opened for circulating the refrigerant through the defrost circuit
(15).

In an alternative embodiment, the refrigerant is not inhibited to be
conveyed to the bypass line (7) at an initial phase of the defrost mode
where the rate of temperature change of the refrigerant at the output of the
condenser (3) exceeds the threshold rate.

In another embodiment, the step of conveying the refrigerant output from
the freezer evaporator (5) to an input of the fresh food evaporator (6)
includes a step of determining a rate of temperature change of the
refrigerant at an output of the condenser (3). In this embodiment, the
refrigerant output from the freezer evaporator (5) is conveyed to an input
of the fresh food evaporator (6) only via the first intermediary line (10)
when said rate of temperature change is above a threshold rate and the
refrigerant output from the freezer evaporator (5) is started being
conveyed to an input of the fresh food evaporator (6) only via the second
capillary (9) when said rate of temperature change reduces below a

threshold rate. Thus, at the initial phase of the defrost mode where the rate
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of temperature change is above a threshold rate, the refrigerant is
conveyed via the first intermediary line (10). Once a steady state phase is
reached in the defrost mode the refrigerant is conveyed only via the
second capillary (9). Thereby, the surface of fresh food evaporator starts
to effectively cool as if in the normal refrigeration mode.

In another embodiment, the method for controlling the refrigerator (1)
further comprises a step of terminating circulation of the refrigerant when
the temperature of the surface of the freezer evaporator (5) has reached
0°C. Thereby, a melting process is set into progress.

In another embodiment, the method for controlling the refrigerator (1)
further comprises a step of inhibiting start of the normal refrigeration mode
for a predetermined duration after terminating circulation of the refrigerant.
Thus, melting of the frost is waited for said predetermined duration.

In another embodiment, the method for controlling the refrigerator (1)
further comprises a step of inhibiting refrigerant to be conveyed to the first
intermediary line (10) and the second capillary (9) for said predetermined
duration. Thereby, the melting process is safeguarded.

In another embodiment, the step of conveying the refrigerant output from
the freezer evaporator (5) to the fresh food evaporator (9) includes a step
of preventing the refrigerant output from the bypass line (7) from flowing
back into the first capillary (4). In this embodiment, a convey of the
refrigerant back into the first capillary (4) is inhibited when the rate of
temperature change of the refrigerant at an output of the condenser (3)
drops below a threshold rate. Thereby, the hot refrigerant is completely
conveyed into the freezer evaporator (5). Consequently, the defrosting
efficiency in the freezer evaporator is increased. In addition, the cooling
efficiency in the fresh food evaporator (6) is also increased.

In another embodiment, the control unit of the refrigerator (1) of the
present invention is configured to execute the steps defined in the above
control method of the present invention. In this embodiment, the control
unit is provided with corresponding computer executable codes which are
stored in a non-volatile memory.

The refrigerator of the present invention enables substantially
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uninterrupted cooling of the fresh food evaporator while simultaneously
defrosting the freezer evaporator. Thereby an overall energy efficiency of
the refrigerator is improved. In addition, the refrigerator of the present
invention prevents liquid refrigerant from entering the compressor.

Thereby, a life time of the compressor is considerably prolonged.
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Claims

1.

A refrigerator (1) comprising a refrigeration circuit (14) which includes a
compressor (2), a condenser (3), a first capillary (4), a freezer evaporator (5)
and a fresh food evaporator (6) which are serially arranged and fluidly
connected to one another by respective lines for circulating a refrigerant, a
defrost circuit (15) which includes a bypass line (7) which fluidly connects the
output of the compressor (2) with the input of the freezer evaporator (5) and a
first valve unit (8) for respectively controlling a convey of the refrigerant output
from the compressor (2) to an input of the condenser (3) and to the bypass line
(7) and a control unit for controlling the refrigeration circuit (14) and the defrost
circuit (15), wherein the control unit has a defrost mode and a normal
refrigeration mode, characterized in that the defrost circuit (15) further
including a second capillary (9) which is arranged parallel to a first intermediary
line (10) which fluidly connect the output of the freezer evaporator (5) with the
input of the fresh food evaporator (6) and a second valve unit (11) for
respectively controlling convey of the refrigerant output from the freezer
evaporator (5) to the second capillary (9) and to the first intermediary line (10).
The refrigerator (1) according to claim 1, characterized in that a first
temperature sensor for detecting a temperature of the refrigerant at an output
of the condenser (3) and for outputting a signal to the control unit, wherein the
signal is indicative of the detected temperature.

The refrigerator (1) according to claim 1 or 2, characterized in that a second
temperature sensor for detecting a temperature of a surface of the freezer
evaporator (5) and for outputting a signal to the control unit, wherein the signal
is indicative of the detected temperature.

The refrigerator (1) according to any one of claims 1 to 3, characterized in that
a timer for detecting an elapsed time and for outputting a signal to the control
unit, wherein the signal is indicative of the elapsed time.

The refrigerator (1) according to any one of claims 1 to 4, characterized in that
the first valve unit (8) is configured by a three-way valve which includes an
input, a first output and a second output, wherein the input is fluidly connected
to the output of the compressor (2), the first output is fluidly connected to the

input of the condenser (3), and the second output is fluidly connected to the
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bypass line (7).

The refrigerator (1) according to any one of claims 1 to 5, characterized in that
the second valve unit (11) is configured by a three-way valve which includes
an input, a first output and a second output, wherein the input is fluidly
connected to the output of the freezer evaporator (5), the first output is fluidly
connected to the first intermediary line (10) and the second output is fluidly
connected to the second capillary (9).

The refrigerator (1) according to any one of claims 1 to 6, characterized in that
the defrost circuit (15) further includes a third valve unit (12) for preventing
refrigerant from flowing back into the first capillary (4).

The refrigerator (1) according to claim 7, characterized in that the third valve
unit (12) includes an input and an output, wherein said input is fluidly
connected to an output of the first capillary (4), and said output is connected to
a second intermediary line (13) which is fluidly connected to the output of the
bypass line (7) and the input of the freezer evaporator (5).

A method for controlling a refrigerator (1) as defined in any one of claims 1 to
8,

comprising the steps of:

- initiating the defrost mode,

- activating the compressor (2),

- conveying the output of the compressor (2) to an input of the freezer
evaporator (5) by inhibiting convey of the refrigerant output from the
compressor (2) to the condenser (3) and by allowing a convey of the
refrigerant output from the compressor (2) to the bypass line (7) and

- conveying the refrigerant output from the freezer evaporator (5) to the fresh
food evaporator (6) by inhibiting convey of the refrigerant output from the
freezer evaporator (5) to the first intermediary line (10) and by allowing convey
of the refrigerant output from the freezer evaporator (5) to the second capillary
(9).

The method according to claim 9, further comprising the step of:

- allowing the convey of the refrigerant output from the compressor (2) to the
bypass line (7) includes a step of determining a rate of temperature change of

the refrigerant at an output of the condenser (3), wherein the refrigerant is
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inhibited to be conveyed to the bypass line (7) when said rate of temperature
change is above a threshold rate and wherein the refrigerant is started being
conveyed to the bypass line (7) when said rate of temperature change drops
below a threshold rate.

The method according to claim 9 or 10, further comprising the step of:

- conveying the refrigerant output from the freezer evaporator (5) to an input of
the fresh food evaporator (6) includes a step of determining a rate of
temperature change of the refrigerant at an output of the condenser (3),
wherein the refrigerant output from the freezer evaporator (5) is conveyed to
an input of the fresh food evaporator (6) only via the first intermediary line (10)
when said rate of temperature change is above a threshold rate and wherein
the refrigerant output from the freezer evaporator (5) is started being conveyed
to an input of the fresh food evaporator (6) only via the second capillary (9)
when said rate of temperature change reduces below a threshold rate.

The method according to any one of claims 9 to 11, further comprising the step
of:

- terminating circulation of the refrigerant when the temperature of the surface
of the freezer evaporator (5) has reached to a predetermined temperature
above 0°C.

The method according to claim 12, further comprising the step of:

- inhibiting start of the normal refrigeration mode for a predetermined duration
after terminating circulation of the refrigerant.

The method according to claim 13, further comprising the step of:

- inhibiting refrigerant to be conveyed to the first intermediary line (10) and the
second capillary (9) for said predetermined duration.

The method according to any one of claims 9 to 14, further comprising the step
of:

- conveying the refrigerant output from the freezer evaporator (5) to the fresh
food evaporator (6) includes a step of preventing the refrigerant output from
the bypass line (7) from flowing back into the first capillary (4), wherein a
convey of the refrigerant back into the first capillary (4) is inhibited when a rate
of temperature change of the refrigerant at an output of the condenser (3)

drops below a threshold rate.
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Fig. 1
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Fig. 2
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Fig. 3
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