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(54) Idle defrosting operation determining device for air conditioning apparatus

(57) An air conditioning apparatus (1) includes a re-
frigeration cycle including a compressor (11), an indoor
heat exchanger (16), a pressure reducer (17) and an out-
door heat exchanger (15), that constitute a fluid circuit
for circulating a cooling medium, the outdoor heat ex-
changer serving as an evaporator when a heating oper-
ation is performed and as a condenser when a defrosting
operation is performed, and an idle defrosting operation
determining device (20) including a temperature detect-

ing device (21) detecting a pipe temperature (T) of the
outdoor heat exchanger, a low temperature integrated
value calculating means (20) calculating a low tempera-
ture integrated value (A), a high temperature integrated
value calculating means (20) calculating a high temper-
ature integrated value (B), and a determining means (20)
determining whether or not the idle defrosting operation
is carried out based on a relationship between the low
temperature integrated value and the high temperature
integrated value.
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Description

TECHNICAL FIELD

[0001] This disclosure generally relates to an idle de-
frosting operation determining device for an air condition-
ing apparatus for determining whether or not an idle de-
frosting operation, which is considered to be an unnec-
essary defrosting operation while a heating operation of
the air conditioning apparatus is carried out, is executed.

BACKGROUND DISCUSSION

[0002] Generally, under a cold weather condition (e.g.
during winter), an outdoor heat exchanger may be frosted
while an air conditioning apparatus operates a heating
operation, which may result in decreasing a heating per-
formance of the air conditioning apparatus while being
in operation. Accordingly, generally, the air conditioning
apparatus such as a heat pump and the like is configured
so as to carry out an inverse cycle operation (which cor-
responds to a cooling operation) and the like while the
air conditioning apparatus is in operation in order to ex-
ecute a defrosting operation for defrosting the outdoor
heat exchanger (for melting frost formed on the outdoor
heat exchanger). However, in a case where the defrost-
ing operation is continued for a period of time that is more
than necessary even if the frost does not actually form
on the outdoor heat exchanger, a temperature within a
room is not adjusted while the defrosting operation is
carried out, which may result in causing discomfort to a
user and further, which may result in consuming unnec-
essary energy. Accordingly, there have been suggested
several methods of avoiding an execution of the defrost-
ing operation while the frost does not form on the outdoor
heat exchanger (i.e. an idle defrosting operation).
[0003] For example, disclosed in JP2004-232942A is
a defrosting control method for an air conditioner which
is configured so that a defrosting operation of an outdoor
heat exchanger is executed for a predetermined period
of time on the basis of a temperature changes of an indoor
heat exchanger obtained every predetermined time, a
temperature difference between a temperature of the in-
door heat exchanger and an indoor temperature, and a
predetermined elapsed time of a mask time from a start
of a heating operation. In a case where the defrosting
operation is continuously executed for plural times based
on the mask time while a decrease of the temperature of
the indoor heat exchanger is equal to or lower than a
predetermined value, the defrosting control method dis-
closed in JP2004-232942A sets the temperature differ-
ence between the temperature of the indoor heat ex-
changer and the indoor temperature to be a value lower
than an initially set value in order to switch an operation
condition to a low ambient temperature operation condi-
tion and carry out the defrosting operation, so that an idle
defrosting operation may be prevented from being car-
ried out even while a heating operation is executed under

a condition that an ambient air temperature is low.
[0004] Disclosed in JP2002-130876A is a controller for
an air conditioner which is configured so as to time a
duration time during which a temperature of a cooling
pipe is found in approximately a freezing point as a de-
frosting operation time (i.e. a freezing point approximate
time) in a case where the defrosting operation is ended
on the basis of the temperature of the cooling pipe of an
outdoor heat exchanger while a defrosting operation is
executed. Then, the controller for the air conditioner dis-
closed in JP2002-130876A changes a defrosting opera-
tion prohibiting time for prohibiting a next (following) de-
frosting operation depending on a length of a duration
time of the defrosting operation when the cooling pipe
temperature is found approximately in the freezing point.
Accordingly, the defrosting operation may be executed
in response to, for example, an environment (e.g. outside
weather conditions).
[0005] Accordingly, in sum, there exist two general
types of the method of avoiding the idle defrosting oper-
ation (i.e. a determining method of the idle defrosting
operation). One is the method based on a detection of
the temperature inside of the room, as disclosed in
JP2004-232942A. The other one is the method based
on a detection of the cooling pipe temperature at an out-
door apparatus.
[0006] According to the controller for the air conditioner
disclosed in JP2002-130876A, the controller actually ex-
ecutes an idle defrosting operation determination when
the cooling pipe temperature of the outdoor heat ex-
changer exceeds the freezing point and reaches a pre-
determined heating resetting temperature and then, the
controller stops the defrosting operation. In a case where
a relatively low temperature (e.g. two degrees, 2 .) is used
as the heating resetting temperature, the defrosting op-
eration may be stopped even if the frost remains on the
outdoor heat exchanger. Accordingly, in this case, the
idle defrosting operation determination may not be suffi-
ciently accurate. On the other hand, in a case where a
relatively high temperature (e.g. ten degrees, 10 ) is set
as the heating resetting temperature, the defrosting op-
eration may be continued more than necessary even if
the frost does not actually remain on the outdoor heat
exchanger, because the cooling pipe temperature takes
time to reach the heating resetting temperature after the
defrosting operation is started.
[0007] Additionally, as the idle defrosting operation de-
termining method at the outdoor apparatus such as the
method disclosed in JP2002-130876A, there exist sev-
eral known determining methods. For example, there ex-
ists an idle defrosting operation determining method,
which is executed by estimating whether or not frost is
formed on the outdoor heat exchanger on the basis of a
temperature rising tendency (a derivative value) of a pipe
temperature of the outdoor heat exchanger. Further-
more, there exists an idle defrosting operation determin-
ing method, which is executed by timing a duration time
during which a pipe temperature of an outdoor heat ex-
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changer increases from the freezing point after a defrost-
ing operation is executed. However, the detection accu-
racy of the above-mentioned method may fluctuate de-
pending on a setting of the pipe temperature, which is
used for the determination. Furthermore, the above-de-
scribed methods may need relatively longer time from
when the pipe temperature reaches a predetermined set
temperature and when the idle defrosting operation de-
termination ends.
[0008] A need thus exists to provide an idle defrosting
operation determining device for an air conditioning ap-
paratus which is configured so as to promptly and accu-
rately execute a determination of whether or not an idle
defrosting operation is carried out.

SUMMARY

[0009] According to an aspect of this disclosure, an air
conditioning apparatus includes a refrigeration cycle in-
cluding a compressor, an indoor heat exchanger, a pres-
sure reducer and an outdoor heat exchanger, that are
connected to constitute a fluid circuit through which a
cooling medium is circulated, the outdoor heat exchanger
serving as an evaporator for evaporating the cooling me-
dium in a case where a heating operation is performed
and as a condenser for condensing the cooling medium
in a case where a defrosting operation is performed, and
an idle defrosting operation determining device including
a temperature detecting device detecting a pipe temper-
ature of the outdoor heat exchanger, a low temperature
integrated value calculating means calculating a low tem-
perature integrated value of a temperature difference be-
tween a freezing point temperature and the pipe temper-
ature relative to time in a case where the pipe tempera-
ture, which is detected while the defrosting operation is
carried out, falls within a temperature range from a pre-
determined low temperature lower than the freezing point
temperature and the freezing point temperature, a high
temperature integrated value calculating means calcu-
lating a high temperature integrated value of a tempera-
ture difference between the freezing point temperature
and the pipe temperature relative to the time in a case
where the pipe temperature, which is detected while the
defrosting operation is carried out, falls within a temper-
ature range from a predetermined high temperature high-
er than the freezing point temperature and the freezing
point, and a determining means determining whether or
not the idle defrosting operation is carried out on the basis
of a magnitude relationship between the calculated low
temperature integrated value and the calculated high
temperature integrated value.
[0010] Accordingly, a determination of whether or not
the idle defrosting operation is performed may be prompt-
ly executed while avoiding deterioration in a determina-
tion accuracy.
[0011] According to another aspect of this disclosure,
the freezing point temperature refers to a freezing point
of water.

[0012] According to a further aspect of this disclosure,
the freezing point of water fluctuates depending on an
atmospheric pressure.
[0013] According to a further aspect of this disclosure,
the temperature detecting device processes the pipe
temperature of the outdoor heat exchanger as an integer
value.
[0014] According to a further aspect of this disclosure,
the temperature detecting device obtains the pipe tem-
perature of the outdoor heat exchanger as the integer
value in a manner where a numeral after a decimal point
is rounded down in a case where the pipe temperature
indicates a positive value and the numeral after the dec-
imal point is rounded up in a case where the pipe tem-
perature indicates a negative value.
[0015] According to a further aspect of this disclosure,
the temperature detecting device measures the pipe tem-
perature of the outdoor heat exchanger every predeter-
mined time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:
[0017] Fig. 1 is a circuit diagram of an air conditioning
apparatus according to an embodiment;
[0018] Fig. 2 is a graph illustrating changes in pipe tem-
perature of an outdoor heat exchanger while a defrosting
operation is being executed;
[0019] Figs. 3A and 3B are enlarged and elaborate
graphs illustrating the changes in the pipe temperature
of the outdoor heat exchanger while the defrosting oper-
ation is being executed;
[0020] Fig. 4 is a table comparing an idle defrosting
operation determining method according to the embod-
iment and a known idle defrosting operation determining
method; and
[0021] Fig. 5 is a flowchart illustrating a control process
executed by the idle defrosting operation determining
method according to the embodiment.

DETAILED DESCRIPTION

[0022] An embodiment of an idle defrosting operation
determining device for an air conditioning apparatus will
be described below with reference to the attached draw-
ings. Illustrated in Fig. 1 is a circuit diagram of a heat
pump-type air conditioning apparatus 1 (which will be
hereinafter referred to simply as the air conditioning ap-
paratus 1). The air conditioning apparatus 1 configures
a refrigeration cycle. As illustrated in Fig. 1, the air con-
ditioning apparatus 1 includes a compressor 11, a four-
way valve 14, an outdoor heat exchanger 15, an indoor
heat exchanger 16, an electronic expansion valve 17 (i.e.
a pressure reducer) and a cooling pipe 18. More specif-
ically, the compressor 11, the indoor heat exchanger 16,
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the electronic expansion valve 17 and the outdoor heat
exchanger 15 are connected so as to constitute a fluid
circuit through which a cooling medium is circulated,
thereby forming the refrigeration cycle. The cooling pipe
18 is used for circulating a coolant medium to the com-
pressor 11 and the like. Furthermore, the air conditioning
apparatus 1 includes a control device 20, which is con-
figured so as to control actuation of the compressor 11,
the four-way valve 14, the electronic expansion valve 17
and the like. The control device 20 is configured with a
microcomputer as a core and serves as an idle defrosting
operation determining device. Furthermore, the control
device 20 is electrically connected to a temperature sen-
sor 21, which serves as a temperature detecting device
and which is provided on a surface of the cooling pipe
18 located in the vicinity of an outlet 15a of the outdoor
heat exchanger 15. More specifically, the temperature
sensor 21 is provided at a portion of the cooling pipe 18
used as a pipe extending between the outlet 15a of the
outdoor heat exchanger 15 and the electronic expansion
valve 17 within an outdoor apparatus. The temperature
sensor 21 is configured so as to detect a pipe temperature
T (i.e. a surface temperature) of the cooling medium dis-
charged from the outdoor heat exchanger 15 while a de-
frosting operation is executed. A resolution of the pipe
temperature T detected by the temperature sensor 21 is
set to one degree (1 .) (however, generally, a number(s)
after the decimal point is ignored, more specifically, a
number in a plus value is ignored after the decimal point
but a number in a minus value is rounded up). The control
device 20 obtains the pipe temperature T every one sec-
ond. For example, in a case where an actual temperature
is -0.9 degrees (-0.9 .), the temperature sensor 21 de-
tects the temperature as zero degree (0 .). In a case
where the actual temperature is -3.5 degrees (-3.5 .), the
temperature sensor 21 detects the temperature as -3 de-
grees (-3 .). On the other hand, in a case where the actual
temperature is 0.9 degrees (0.9 .), the temperature sen-
sor 21 detects the temperature as zero degree (0 .). Fur-
thermore, in a case where the actual temperature is 1.6
degrees (1.6 .), the temperature sensor 21 detects the
temperature as one degree (1 .).
[0023] An air conditioning operation executed by the
air conditioning apparatus 1 will be described below with
reference to Fig. 1. A flow of the cooling medium in a
case where a cooling operation is executed is indicated
by a solid arrow line. On the other hand, a flow of the
cooling medium in a case where a heating operation is
executed is indicated by a dashed arrow. In the case of
cooling operation, the cooling medium discharged from
the compressor 11 passes through the four-way valve
14 and then is let to the outdoor heat exchanger 15, which
serves as a condenser. A heat of the cooling medium is
removed by air (ambient air) at the outdoor heat exchang-
er 15, so that the cooling medium is condensed and liq-
uefied. Then, the cooling medium is depressurized at the
electronic expansion valve 17 and is vaporized at the
indoor heat exchanger 16, which serves as an evapora-

tor, in a manner where the cooling medium removes a
heat of the air remaining within a room. The cooling me-
dium then is returned to the compressor 11 via the four-
way valve 14. Accordingly, an inside of the room is cooled
through the above-mentioned process.
[0024] On the other hand, in the case of the heating
operation, the cooling medium discharged from the com-
pressor 11 passes through the four-way valve 14 and is
condensed and liquefied at the indoor heat exchanger
16, which serves as a condenser, in a manner where the
cooling medium emits the heat into the air remaining with-
in the room. Then, the cooling medium is depressurized
at the electronic expansion valve 17 and is vaporized at
the outdoor heat exchanger 15, which serves as an evap-
orator, in a manner where the cooling medium absorbs
the heat of the air remaining outside of the room. The
cooling medium then is returned to the compressor 11
via the four-way valve 14. Accordingly, the inside of the
room is heated through the above-mentioned process.
[0025] In a case where a satisfaction of a predeter-
mined defrosting operation starting condition is detected
by the control device 20 while the heating operation is
executed, the defrosting operation (i.e. an inverse cycle
operation) for circulating the cooling medium as is the
case of the cooling operation is started. Appropriate con-
ditions by which a formation of the frost on the outdoor
heat exchanger 15 is expected, such as, for example, a
duration time of the heating operation (i.e. an elapsed
time since a previous defrosting operation), the pipe tem-
perature T of the outdoor heat exchanger 15, an ambient
air temperature and the like may be adapted as the de-
frosting operation starting condition.
[0026] While the defrosting operation is carried out, a
cycle is inverted, so that the outdoor heat exchanger 15
functions as the condenser. Accordingly, in the defrosting
operation, the cooling medium having high temperature
is led to the outdoor heat exchanger 15, so that the pipe
temperature T at the outdoor heat exchanger 15 increas-
es. Additionally, in this case, the pipe temperature T de-
tected by the temperature sensor 21 corresponds to a
pipe temperature at a downstream side of the outdoor
heat exchanger 15 in the flow of the cooling medium while
the defrosting operation is executed. For example, in a
case where the pipe temperature T at a period of time
when the defrosting operation is started is -10 degrees
(-10 .), the pipe temperature T gradually increases after
the defrosting operation is started. Then, when the pipe
temperature T is increased to reach approximately the
freezing point T0, the frost melts and is accordingly re-
moved in the case where the frost is formed on the out-
door heat exchanger 15. In the case where the control
device 20 detects a satisfaction of a predetermined de-
frosting operation ending condition in accordance with
the continuous defrosting operation, the defrosting oper-
ation is ended. Appropriate conditions by which a defrost-
ing of the outdoor heat exchanger 15 is estimated, such
as, for example, a duration time of the defrosting opera-
tion (i.e. an elapsed time since a previous heating oper-
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ation), the pipe temperature T of the outdoor heat ex-
changer 15, the ambient air temperature and the like may
be adapted as the defrosting operation ending condition.
In this embodiment, the freezing point refers to a freezing
point of water and changes in response to the atmos-
pheric pressure.
[0027] Test results of the pipe temperature at the out-
door heat exchanger 15 in the case where the frost is
formed on the outdoor heat exchanger 15 and in the case
where the frost is not formed on the outdoor heat ex-
changer 15 will be described below with reference to Fig.
2. As indicated by a solid line in Fig. 2, in the case where
the frost is actually formed on the outdoor heat exchanger
15 when the defrosting operation is started, a tempera-
ture rising tendency of the pipe temperature T becomes
slower (becomes diminished) after the pipe temperature
T increases up to approximately a freezing point temper-
ature T0 (i.e. zero degree (0 .)) because of the following
reasons: in a case where the pipe temperature T of the
outdoor heat exchanger 15 falls within a temperature
range, which is lower than the freezing point temperature
T0, the pipe temperature T increases while showing a
predetermined tendency. Then, in the case where the
pipe temperature T reaches approximately the freezing
point temperature T0, some of the frost or ice formed on
a surface of the outdoor heat exchanger 15 starts melting
(i.e. some of the frost or the ice starts melting from an
upper stream side of the cooling water while the defrost-
ing operation is executed) and then, the frost or the ice
formed on the surface of the outdoor heat exchanger 15
is turned to be in a saturation state, so that the heat (i.e.
a heat capacity) of the cooling medium having the high
temperature flowing through the cooling pipe 18 is used
as a heat of fusion instead of being used for increasing
the pipe temperature T. After the frost or the ice formed
on the surface of the outdoor heat exchanger 15 almost
melts and the pipe temperature T of the outdoor heat
exchanger 15 exceeds the freezing point temperature
T0, the pipe temperature T again starts rising at a pre-
determined tendency, so that the temperature rising ten-
dency becomes relatively rapid (prominent).
[0028] As indicated by a dashed line in Fig. 2, in the
case where the frost is not formed on the outdoor heat
exchanger 15 at the point of time when the defrosting
operation is executed, the pipe temperature T continues
to rise at predetermined tendencies within the low tem-
perature range and a high temperature range across the
freezing point temperature T0.
[0029] The temperature rising tendency of the pipe
temperature T of the outdoor heat exchanger 15 while
the defrosting operation is carried out is considered to
follow the above-mentioned phenomena. However, in
the case where the frost is actually formed on the outdoor
heat exchanger 15, it is confirmed that a timing of chang-
es in the temperature rising tendency of the pipe temper-
ature T approximately to the freezing point temperature
T0 fluctuates depending on pipe temperature T or a cir-
culation of the cooling medium at the point of time when

the defrosting operation (i.e. the inverse cycle operation)
is started, and other factor(s). Therefore, upon a deter-
mination whether or not an idle defrosting operation is
executed, the control device 20 (i.e. a low temperature
integrated value calculating means, a high temperature
integrated value calculating means) calculates an inte-
grated value of a temperature difference between the
freezing point temperature T0 and the pipe temperature
T relative to time at each of the low temperature range
(e.g. -2 to 0 degrees) and the high temperature range
(e.g. 0 to 2 degrees) across the freezing point tempera-
ture T0, at which the changes in the temperature rising
tendency of the pipe temperature T is substantially rec-
ognized, as each of a lower temperature integrated value
A and a high temperature integrated value B. Then, the
control device 20 compares the low temperature integrat-
ed value A with the high temperature integrated value B,
so that the control device 20 (i.e. a determining means)
is allowed to determine whether or not the idle defrosting
operation is executed while the aforementioned fluctua-
tion is absorbed (cleared). The fluctuation is cleared by
comparing the low temperature integrated value A and
the high temperature integrated value B because, in the
case of a frost formed state where the temperature rising
tendency becomes slow (becomes diminished) (i.e. in a
case where the idle defrosting operation is not executed),
the low temperature integrated value A increases so as
to become greater than the high temperature integrated
value B. On the other hand, in the case of a frost non-
formed state (i.e. in the case where the idle defrosting
operation is executed), the low temperature integrated
value A and the high temperature integrated value B tend
to have the same value.
[0030] More specifically, the low temperature range,
within which the pipe temperature T used for the calcu-
lation of the low temperature integrated value A falls (i.e.
the temperature range where the temperature rising ten-
dency becomes slow (becomes diminished) while the
frost formed state), is set to a range from a predetermined
low temperature T1 (a negative quantity) and the freezing
point temperature T0. A time when the pipe temperature
T reaches the low temperature T1 from the low temper-
ature range, which is lower than the low temperature T1,
is set to be t1. A time when the pipe temperature T reach-
es the freezing point temperature T0 (i.e. a time when
the freezing point temperature T0 is detected for the first
time) is set to be t01. Furthermore, the high temperature
range, within which the pipe temperature T used for the
calculation of the high temperature integrated value B
falls, is set to a range from the freezing point temperature
T0 and a predetermined high temperature T2 (a positive
quantity). A time when the pipe temperature T starts rising
from the freezing point temperature T0 (i.e. a time when
the freezing point temperature T0 is detected for the final
time) is set to be t02. Furthermore, a final time when the
pipe temperature T reaches the high temperature T2 (i.e.
a time when the high temperature T2 is detected for the
final time) is set to be t2. In this case, each of the low
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temperature integrated value A and the high temperature
integrated value B is calculated by respective following
formulas.
[0031]

:where ∆t represents a timing cycle (in this embodiment,
one second) of the control device 20 times the pipe tem-
perature T.
[0032] The idle defrosting operation is determined
whether or not being executed on the basis of a relation-
ship (i.e. a magnitude relationship) between the low tem-
perature integrated value A and a value (= kB) obtained
by multiplying the high temperature integrated value B
by a predetermined adjustment coefficient k (0 < k < 1).
More specifically, in a case where the low temperature
integrated value A is greater than the value kB (i.e. A >
kB), the temperature rising tendency of the pipe temper-
ature T is considered to slow (diminish) within the low
temperature range across the freezing point temperature
T0. Therefore, in this case, the control device 20 deter-
mines that the idle defrosting operation is not carried out.
On the other hand, in a case where the low temperature
integrated value A is equal to or lower than the value kB
(i.e. A ≤ kB), the temperature rising tendency is consid-
ered not to slow (diminish) within the low temperature
range across the freezing point temperature T0, and the
control device 20 determines that the idle defrosting op-
eration is carried out. Additionally, the adjustment coef-
ficient is used in order to avoid a mis-determination where
the control device 20 determines that the idle defrosting
operation is not executed even if the frost is formed on
the outdoor heat exchanger 15.
[0033] Accordingly, because the low temperature in-
tegrated value A and the high temperature integrated val-
ue B, which emphasize the temperature rising tendency
of the outdoor heat exchanger 15 in the respective low
temperature range and the high temperature range
across the freezing point temperature T0, are used, the
idle defrosting operation may be properly determined
whether or not being executed even if the temperature
(i.e. the high temperature T2) to be reached from the
freezing point temperature T0 is low, in other words, even
if the elapsed time since the pipe temperature T exceeds
the freezing point temperature T0 is short. As a result, a
time necessary for the control device 20 to determine
whether or not the idle defrosting operation is executed
may be shortened without degrading reliability of the idle

defrosting operation determining device for the air con-
ditioning apparatus 1.
[0034] In the case where the control device 20 deter-
mines that the idle defrosting operation is not executed,
the control device 20 continues the defrosting operation
until the satisfaction of the predetermined defrosting op-
eration ending condition is detected. On the other hand,
in the case where the control device 20 determines that
the idle defrosting operation is executed, the control de-
vice 20 immediately stops the defrosting operation and
executes a predetermined defrosting operation ending
control in order to re-start the heating operation. Accord-
ingly, a system control enhancing comfort for the user
and energy saving may be achieved.
[0035] An example of determination of whether or not
the idle defrosting operation is executed while the de-
frosting operation is performed will be described below
with reference to Fig. 3 under a condition that the low
temperature T1 is set to be -2 degrees (-2 .) and the high
temperature T2 is set to be 2 degrees (2 .). Illustrated in
Fig. 3A and 3B are graphs showing the changes in the
pipe temperature T of the outdoor heat exchanger 15
while the defrosting operation is executed. Additionally,
in this example, a value "0.8" is used as the adjustment
coefficient. As described above, the temperature sensor
21 is configured so that the resolution thereof is set to
one degree (1 .). Furthermore, the control device 20 ob-
tains the pipe temperature T every one second. In other
words, the calculation cycle is one second.
[0036] The case where the temperature rising tenden-
cy becomes slow (becomes diminished) at the low tem-
perature range across the freezing point temperature T0
will be described below. As illustrated in Fig. 3A, when
assuming that the pipe temperature T reaches (rises to)
the freezing point temperature T0 (zero degree (0.))
through a process where the pipe temperature T remains
to be -2 degrees (-2 .) for five seconds and -1 degree (-
1.) for seven seconds after the pipe temperature T reach-
es -2 degrees (-2 .) and the control device 20 starts cal-
culating the low temperature integrated value A, in re-
sponse to the defrosting operation, the low temperature
integrated value A is calculated as follows:
[0037]

[0038] Additionally, when assuming that the pipe tem-
perature T remains to be 1 degree (1 .) for one second
and 2 degrees (2 .) for tow seconds after the pipe tem-
perature T starts rising from the freezing point tempera-
ture T0 and the control device 20 starts calculating the
high temperature integrated value B in response to the
defrosting operation, the high temperature integrated val-
ue B is calculated as follows:
[0039]
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[0040] Accordingly, a relationship that "A = 17 being
greater than kB = 4 (i.e. A = 17> kB = 4)" is established.
Therefore, the control device 20 determines that the idle
defrosting operation is not executed (i.e. the frost formed
state) in the above-described manner.
[0041] A case where the temperature rising tendency
is not slow (diminished) at the low temperature range
across the freezing point temperature T0 will be de-
scribed below. As illustrated in Fig. 3B, when assuming
that the pipe temperature T reaches (rises to) the freezing
point temperature T0 (zero degree (0.)) though a process
where the pipe temperature T remains to be -2 degrees
(-2 .) for one second and -1 degree (-1 .) for one second
after the pipe temperature T reaches -2 degrees (-2 .)
and the control device 20 starts calculating the low tem-
perature integrated value A in response to the defrosting
operation, the low temperature integrated value A is cal-
culated as follows:
[0042]

[0043] Additionally, when assuming that the pipe tem-
perature T remains to be 1 degree (1 .) for one second
and 2 degrees (2 .) for two seconds after the pipe tem-
perature T starts rising from the freezing point tempera-
ture T0 and the control device 20 starts calculating the
high temperature integrated value B, the high tempera-
ture integrated value B is calculated as follows:
[0044]

[0045] Accordingly, a relationship that "A = 3 being
equal to or smaller than kB = 4 (i.e. A = 3 ≤ kB = 4)" is
established. Therefore, the control device 20 determines
that the idle defrosting operation is executed (i.e. the frost
non-formed state) in the above-described manner.
[0046] Illustrated in Fig. 4 is a table data experimentally
obtained in order to compare a relationship between the
pipe temperature T (T2) of the outdoor heat exchanger
15 and the reliability when the determination of the idle
defrosting operation is completed according to the idle
defrosting operation determining device of this disclosure
with a relationship between a pipe temperature of an out-
door heat exchanger and a reliability when a determina-
tion of an idle defrosting operation is completed accord-
ing to a known idle defrosting operation determining de-
vice. In an experimental test, an idle defrosting operation
determining device, which is configured so as to deter-

mine whether or not an idle defrosting operation is exe-
cuted in a manner that the idle defrosting determining
device estimates a formation of frost on an outdoor heat
exchanger (15) on the basis of a temperature rising ten-
dency (a derivative value) of a pipe temperature (T) of
the outdoor heat exchanger, is adapted as the know idle
defrosting operation determining device.
[0047] As shown in Fig. 4, according to the known idle
defrosting operation determining device, in a case where
the pipe temperature (T) of the outdoor heat exchanger
(15) used for completing the determination of the idle
defrosting operation whether or not being executed is set
to 10 degrees (10 .), the idle defrosting operation is cor-
rectly determined whether or not being executed. How-
ever, according to the known idle defrosting operation
determining device, in a case where the pipe temperature
(T) of the outdoor heat exchanger (15) is set to 2 degrees
(2 .), the idle defrosting operation is not correctly deter-
mined whether or not being executed. It is analyzed that,
because the temperature rising tendency is not stable
while the pipe temperature (T) is low, a mis-determination
is likely to be induced. Therefore, in order to obtain a
correct determination result, the high pipe temperature
(T) at which the temperature rising tendency becomes
stable needs to be used.
[0048] On the other hand, according to the idle defrost-
ing operation determining device of this embodiment, the
correct determination is obtained in the both cases where
the pipe temperature T of the outdoor heat exchanger 15
to be used for completing the determination of the idle
defrosting operation whether or not being executed is set
to 10 degrees (10 .) and 2 degrees (2 .). The above-men-
tioned result is considered to be obtained because the
determination executed by the control device 20 is less
likely to be influenced by the circulation of the cooling
medium, the ambient temperature and the like by com-
paring the low temperature integrated value A with the
high temperature integrated value B across the freezing
point temperature T0. Accordingly, the idle defrosting op-
eration determining device of this embodiment may
promptly and accurately determine whether or not the
idle defrosting operation is executed.
[0049] A determination process of the control device
20 determining whether or not the idle defrosting opera-
tion is executed will be described below with reference
to a flowchart illustrated in Fig. 5. The process is invoked
when the pipe temperature T reaches the low tempera-
ture T1 after the defrosting operation is started in accord-
ance with the detection of the satisfaction of the defrost-
ing operation starting condition.
[0050] In the case where the process illustrated in Fig.
5 is started, the control device 20 calculates the low tem-
perature integrated value A and the high temperature
integrated value B in the above-mentioned manner as
the pipe temperature T rises in accordance with the de-
frosting operation (S1). Then, the control device 20 de-
termines whether or not the low temperature integrated
value A is equal to or lower than the value kB, which is
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obtained by multiplying the high temperature integrated
value B by the adjustment coefficient k (S2). In the case
where the control device 20 determines that the low tem-
perature integrated value A is equal to or lower than the
value kB (Yes in S2), the control device 20 determines
that the idle defrosting operation is executed (S3). On
the other hand, in the case where the control device 20
determines that the low temperature integrated value A
is greater than the value kB, the control device 20 deter-
mines that the idle defrosting operation is not executed
(S4). Then, the process is terminated. Additionally, in the
case where the control device 20 determines that the idle
defrosting operation is executed, the defrosting operation
is ended. On the other hand, in the case where the control
device 20 determines that the idle defrosting operation
is not executed, the control device 20 continues the de-
frosting operation until the satisfaction of the defrosting
operation ending condition is detected.
[0051] According to the embodiment, the following ad-
vantages and merits may be obtained. According to the
embodiment, each of the low temperature integrated val-
ue A and the high temperature integrated value B, which
are used for determining whether or not the idle defrosting
operation is executed, represent the temperature differ-
ence relative to the freezing point temperature T0 addi-
tively accumulated relative to the time at each of the low
temperature range (the range from the low temperature
T1 and the freezing point temperature T0) and the high
temperature range (the range from the freezing point
temperature T0 and the high temperature T2) across the
freezing point temperature T0. Accordingly, for example,
the fluctuation of changes in the temperature rising ten-
dency of the outdoor heat exchanger 15 because of the
influence of, for example, the circulation of the cooling
medium may be absorbed (cleared), so that the idle de-
frosting operation may be determined whether or not be-
ing executed within a narrower temperature range (i.e.
the high temperature T2 lower than a set temperature in
the known idle defrosting operation determining device).
As a result, the idle defrosting operation may be promptly
and accurately determined whether or not being carried
out.
[0052] According to this embodiment, a humidity sen-
sor and the like does not need to be provided at the idle
defrosting operation determining device in order to de-
termine whether or not the idle defrosting operation is
performed. As a result, a number of components used
for the idle defrosting operation determining device may
be reduced. Additionally, the idle defrosting operation de-
termining device according to this embodiment may be
modified as follows.
[0053] In the embodiment, the low temperature T1 is
set to be -2 degrees (-2 .) and the high temperature T2
is set to be 2 degrees (2 .) as an example. For example,
the low temperature T1 and the high temperature T2 do
not need to be in the same level (i.e. the same absolute
value). Furthermore, the adjustment coefficient k may be
changed in response to a desired accuracy (the reliabil-

ity) of the determination of whether or not the idle defrost-
ing operation is executed relative to the set low temper-
ature T1 and the high temperature T2. More specifically,
the adjustment coefficient k may be set to be a smaller
value as the required accuracy of the determination of
whether or not the idle defrosting operation is executed
is lower in order to avoid the control device 20 from mis-
determining that the idle defrosting operation is executed.
[0054] The calculation cycle ∆t (one second) of the
control device 20 obtaining the pipe temperature T is only
an example.

Claims

1. An air conditioning apparatus (1) comprising:

a refrigeration cycle including a compressor
(11), an indoor heat exchanger (16), a pressure
reducer (17) and an outdoor heat exchanger
(15), that are connected to constitute a fluid cir-
cuit through which a cooling medium is circulat-
ed, the outdoor heat exchanger (15) serving as
an evaporator for evaporating the cooling medi-
um in a case where a heating operation is per-
formed and as a condenser for condensing the
cooling medium in a case where a defrosting
operation is performed; and
an idle defrosting operation determining device
(20) including a temperature detecting device
(21) detecting a pipe temperature (T) of the out-
door heat exchanger (15), a low temperature in-
tegrated value calculating means (20) calculat-
ing a low temperature integrated value (A)
through a time-based summation or integration
of a temperature difference between a freezing
point temperature (T0) and the pipe temperature
(T) in a case where the pipe temperature (T),
which is detected while the defrosting operation
is carried out, falls within a temperature range
from a predetermined low temperature lower
than the freezing point temperature (T0) and the
freezing point temperature (T0), a high temper-
ature integrated value calculating means (20)
calculating a high temperature integrated value
(B) through a time-based summation or integra-
tion of a temperature difference between the
freezing point temperature (T0) and the pipe
temperature (T0) in a case where the pipe tem-
perature (T), which is detected while the defrost-
ing operation is carried out, falls within a tem-
perature range from a predetermined high tem-
perature higher than the freezing point temper-
ature (T0) and the freezing point (T0), and a de-
termining means (20) determining whether or
not the idle defrosting operation is carried out
on the basis of a magnitude relationship be-
tween the calculated low temperature integrated
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value (A) and the calculated high temperature
integrated value (B).

2. The idle defrosting operation determining device
(20) for the air conditioning apparatus (1) according
to Claim 1, wherein the freezing point temperature
refers to a freezing point of water.

3. The idle defrosting operation determining device
(20) for the air conditioning apparatus (1) according
to Claim 2, wherein the freezing point of water fluc-
tuates depending on an atmospheric pressure.

4. The idle defrosting operation determining device
(20) for the air conditioning apparatus (1) according
to Claim 1, wherein the temperature detecting device
(21) processes the pipe temperature (T) of the out-
door heat exchanger (15) as an integer value.

5. The idle defrosting operation determining device
(20) for the air conditioning apparatus (1) according
to Claim 4, wherein the temperature detecting device
(21) obtains the pipe temperature (T) of the outdoor
heat exchanger (15) as the integer value in a manner
where a numeral after a decimal point is rounded
down in a case where the pipe temperature (T) indi-
cates a positive value and the numeral after the dec-
imal point is rounded up in a case where the pipe
temperature (T) indicates a negative value.

6. The idle defrosting operation determining device
(20) for the air conditioning apparatus (1) according
to Claim 4, wherein the temperature detecting device
(21) measures the pipe temperature (T) of the out-
door heat exchanger (15) every predetermined time.
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