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Description
A COOLING DEVICE

This invention relates to a cooling device, the cooling performance of which is
improved by controlling the cycle of the refrigerant.

In cooling devices, the circulation of the refrigeration fluid through units such as
compressor, condenser, capillary tubes and evaporator constitutes the cooling cycle.
Especially in refrigerators comprising cooling and freezing compartments, wherein
evaporators connected in series, one for each compartment, are utilized, refrigeration
fluid circulates through the evaporators following their connection order in the cooling
cycle. As a result of this, controlling the cooling temperatures and efficiencies of the
evaporators becomes problematic.

For example, in cooling systems with serially connected evaporators, when there is
an instantaneous heat load in a compartment, the system can not respond quickly if the
evaporator of this compartment is in the last position in the connection order of the
cooling cycle.

Moreover, in cooling systems with serially connected evaporators, since the
circulation of the refrigerant is in one direction, compartment temperatures can not be
controlled independently. In such a system, for example, as the compressor starts
operating, refrigeration fluid circulates through the freezing compartment evaporator
first. However, the refrigerant, which was heated up in the stand-by phase fills the
freezing compartment evaporator following the activation of the compressor. In this
transient regime, which starts as the compressor starts operating and ends as the
temperature of the refrigerant reaches to a level suitable for cooling, the temperature of
the refrigerant entering the freezi‘ng compartment evaporator is too high to be used in
cooling, so that it may even create a heat load in the compartment.

The object of the present invention is the realization of a cooling device, the cooling
performance of which is improved by controlling the cycle of the refrigerant.

The cooling device designed to fulfill the object of this invention is illustrated in the
attached figures, where:

Figure 1- is a schematic view of a cooling device.

Figure 2- is a schematic view of a cooling cycle of the prior art.

Figure 3- is a schematic view of a cooling cycle.

Figure 4- is a schematic view of an alternative cooling cycle.

Figure 5- is a schematic view of an alternative cooling cycle.

Elements shown in figures are numbered as follows:

1. Cooling device
2. Compressor
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Evaporator
Condenser
Capillary tube
Valve
Compartment

Control unit

O X N R W

Circulation line
10. By-pass line

The cooling device (1), preferably the refrigerator, comprises one or more than one
compartment (7), a compressor (2) which activates the refrigeration cycle, more than
one evaporators (3), at least two of them being serially-connected, absorbing the
thermal energy in the medium to be cooled, a condenser (4) transferring the thermal
energy to the outer medium, a capillary tube (5) enabling the expansion of the re-
frigerant that leaves the condenser (4) and transferring it to the evaporator, a
circulation line (9) connecting the compressor (2), the evaporator (3), the condenser (4)
and the capillary tube (9), more than one valves (6) on the circulation line (9), provided
at the inlets or at the outlets of the evaporators (3) designating the direction and the
order in which refrigeration fluid circulates through the evaporators (3), controlling the
circulation during cooling cycle, one or more than one by-pass line (10) connected to
at least one valve (6) and connecting to at least one evaporator (3) directly or by the
circulation line (9), enabling the refrigeration fluid directed by the valve to enter the
desired evaporator (3) from the desired direction.

In one embodiment of the present invention, a one way valve (6) is utilized on the
cooling cycle (Figure 3).

In another embodiment of the present invention, two way solenoid valves (6) are
utilized in the cooling cycle (Figure 4).

In another embodiment of the present invention, one way and two way valves (6)
are utilized in the cooling cycle (Figure 5).

In yet another embodiment of the present invention, a valve (6) controlling more
than one inlets and outlets is utilized in the cooling cycle.

In yet another embodiment of the present invention, the cooling device (1)
comprises a control unit (8) controlling the operation of the valves (6).

In the preferred embodiment of the present invention, the cooling device (1)
comprises two separate compartments (7), e.g. a cooling and a freezing compartment,
two serially connected evaporators (3), one in each compartment (7) for cooling the
compartments (7), e.g. a cooling compartment evaporator (3) and a freezing
compartment evaporator (3), a two way valve (6) positioned at the inlet of the freezing

compartment evaporator (3) which is the first in the cooling cycle, e.g. a freezing valve
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(6), a by-pass line (10) connecting the freezing compartment valve (6) to the cooling
compartment evaporator (3) which is positioned after the freezing compartment
evaporator (6) in the circulation direction, e.g. a freezing by-pass line (10), a two way
valve (6) which is positioned after the connection of the by pass line (10) and the
cooling compartment evaporator (3), e.g. a cooling valve (6), and another by-pass line
(10) connecting the cooling valve (6) to the inlet of the freezing compartment
evaporator (3), e.g. a cooling by-pass line (10). In this embodiment, when the re-
frigeration fluid is desired to circulate through the freezing compartment evaporator (3)
and the cooling compartment evaporator (3) respectively, e.g. primary circulation (Y),
the freezing valve (6) opens the circulation line (9) as it blocks the freezing by-pass
line (10) and the cooling valve (6) opens the circulation line (9) as it blocks the cooling
by-pass line (10). Thus, refrigeration fluid enters and leaves the freezing compartment
evaporator (3) and the cooling compartment evaporator (3) respectively and continues
its circulation through the circulation line (9). When the refrigeration fluid is desired to
circulate through the cooling compartment evaporator (3) and the freezing
compartment evaporator (3) respectively, e.g. secondary circulation (Z), freezing valve
(6) blocks the circulation line (9) as it opens the freezing by-pass line (10) and cooling
valve (6) blocks the circulation line (9) as it opens the cooling by-pass line (10). Thus,
refrigeration fluid enters and leaves the freezing by-pass line (10), the cooling
compartmbent evaporator (3), the freezing compartment evaporator (3) and the cooling
by-pass line (10) respectively and continues its circulation through the circulation line
(9) (Figure 4).

With the embodiment of the present invention, in a cooling cycle comprising
serially connected evaporators (3), employment of the secondary circulation (Z) before
the primary circulation (Y) starts a transient regime and as the necessary working
conditions are provided, system switches to a steady-state regime, wherein the
secondary circulation (Z) is employed after the primary circulation (Y).

As aresult of the required positioning of the valves (6), the cooling compartment
(7) evaporator (3) is given the first position and the freezing compartment (7)
evaporator (3) is given the second position in the cooling cycle, thus freezing
compartment (7) evaporator (3) is filled comparatively later as the compressor (2)
starts operating which in turn provides a suitable cooling during the transient regime.

With the embodiment which is the object of the present invention, the evaporator
(3) of the compartment (7) having a temperature higher than the ideal level is taken to
the first position in the cooling cycle and thus, a better control over the compartment
(7) temperatures is achieved.

Since switching between the primary circulation (Y) and the secondary circulation

(Z) in the transient regime, which is achieved by the embodiment of the present
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invention enables the cooling compartment (7) to be cooled at a relatively higher
pressure level, thermodynamic efficiency of the cooling process is improved. At the
end of the transient regime, the refrigeration fluid enters the freezing compartment (7)
evaporator (3) first and this results in an improvement in the efficiency.

Thus, independent of the operation of the compressor, the evaporator (3) of the
compartment (7) the heat load of which is increased, is provided to be the first in the
cooling cycle by suitable positioning of the valves (6) and thus, is fed with a more
suitable refrigerant.

Moreover, evaporator (3) of the compartment (7) with an instantaneous heat load
may be taken to the first position in the cooling cycle. As a result of the fact that the
first evaporator (3) in the cooling cycle has a better performance, the evaporators (3) of
the compartments (7) can cool in different activities and the temperatures of the com-
partments (7) may be controlled as required.
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Claims

A cooling device (1) comprising one or more than one compartments (7), a
compressor (2) activating the cooling cycle, more than one evaporators (3)
preferably in different compartments (7), absorbing the thermal energy available
in de medium to be cooled and a circulation line (9) connecting units constituting
the cooling cycle such as a compressor (2), evaporator (3) etc., and characterized
by more than one valves (6) positioned on the circulation line (9) at the inlets or
outlets of the evaporators (3), for controlling the direction and order in which re-
frigeration fluid circulates through the evaporators (3), thus controlling the
circulation during cooling cycle and one or more than one by-pass lines (10)
connected to at least one valve (6) and connecting to at least one evaporator (3)
directly or by the circulation line (9), enabling the refrigeration fluid directed by
the valve (6) to enter the desired evaporator (3) from the desired direction.

A cooling device (1) as in Claim 1, characterized by a control unit (8) for
controlling the operation of the valves (6).

A cooling device (1) as in Claim 1, characterized by a one way valve (6) utilized
in the cooling cycle.

A cooling device (1) as in Claim 1, characterized by a two way valve (6) utilized
in the cooling cycle.

A cooling device as in Claim 4, comprising two separate compartments (7), e.g. a
cooling compartment (7) and a freezing compartment (7), two serially connected
evaporators (3), each located in a compartment (7) for cooling the compartments,
e.g. a freezing compartment evaporator (3) and cooling compartment evaporator
(3), a two way valve (6) positioned at the inlet of the freezing compartment
evaporator (3) which is the first in the cooling cycle, e.g. a freezing valve (6), a
by-pass line (10) connecting the freezing valve (6) to the outlet of the cooling
compartment evaporator (3) which is positioned after the freezing compartment
evaporator (3) in the cooling cycle, e.g. a freezing by-pass line (10), another two
way valve (6) positioned at a location after the connection between the cooling
compartment evaporator (3) and the by-pass line (10), e.g. cooling valve (6),
another by-pass line (10) connecting before the cooling valve (6) and the
freezing compartment evaporator (3), e.g. cooling by-pass line (10), and char-
acterized with cycles such that, when the refrigeration fluid is desired to circulate
through the freezing compartment evaporator (3) and the cooling compartment
evaporator (3) respectively, e.g. primary circulation (Y), the freezing valve (6)
opens the circulation line (9) as it blocks the freezing by-pass line (10) and the
cooling valve (6) opens the circulation line (9) as it blocks the cooling by-pass
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line (10), thus, refrigeration fluid enters and leaves the freezing compartment
evaporator (3) and the cooling compartment evaporator (3) respectively and
continues its circulation through the circulation line (9), when the refrigeration
fluid is desired to circulate through the cooling compartment evaporator (3) and
the freezing compartment evaporator (3) respectively, e.g. secondary circulation
(Z), freezing valve (6) blocks the circulation line (9) as it opens the freezing by-
pass line (10) and cooling valve (6) blocks the circulation line (9) as it opens the
cooling by-pass line (10), thus, refrigeration fluid enters and leaves the freezing
by-pass line (10), the cooling compartment evaporator (3), the freezing
compartment evaporator (3) and the cooling by-pass line (10) respectively and
continues its circulation through the circulation line (9).
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