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(54) AIR CONDITIONER AND METHOD OF CONTROLLING AN AIR CONDITIONER

(57) The present invention relates to an air condition-
er 1, in particular an indoor unit of a separate type air
conditioner, comprising: an indoor heat exchanger 4; an
indoor fan 3 that circulates air, which has undergone heat
exchange in the indoor heat exchanger 4, indoors; and
a controller 30 that controls at least the indoor fan 3;
wherein, the controller 30 is configured to have a first
mode in which an air volume of the indoor fan 3 is con-
trolled in dependence on a (present) temperature of the
indoor heat exchanger 4 at a start of a heating operation,
and a second mode in which the air volume of the indoor
fan 3 is kept constant at a start of a heating operation, in
particular independent of the temperature of the indoor
heat exchanger 4, wherein the controller 30 is configured
to activate the second mode when an indoor set temper-
ature for heating operation is set below a predetermined
temperature or a user selects the second mode. The
present invention further relates to a computer-imple-
mented method of controlling an air conditioner and a
controller 30 of an air conditioner 1.
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Description

Technical field

[0001] The present invention relates to an air condi-
tioner. More particularly, the present invention relates to
such air conditioner including a controller that controls at
least an indoor fan. The present invention also relates to
a computer-implemented method of controlling such air
conditioner and a controller for such air conditioner.

Technical Background

[0002] Since an air conditioner uses a vapor compres-
sion refrigeration cycle, it takes time to initiate a heating
operation. Accordingly, at the start of a heating operation,
the temperature of an indoor heat exchanger is low. Thus,
when an indoor fan is activated, cold air that would be
annoying to a person in a room will be blown out. In the
same manner as an air conditioning device described in
Japanese Patent No. 3 080 187, conventional air condi-
tioners employ a process that increases the flow rate of
the blown air as the indoor heat exchanger temperature
increases to increase the initiation speed of the heating
operation while limiting the amount of the blown-out cold
air. In the present specification, "start of a heating oper-
ation" refers to an operation period from when a heating
operation is started to when the heating operation stabi-
lizes as a normal heating operation.
[0003] Accordingly, conventional air conditioning de-
vices reduce the blown-airflow rate while the indoor heat
exchanger temperature is low at the start of a heating
operation and increase the blown-airflow rate based on
the temperature of the indoor heat exchanger. However,
in case the user wants to use such a conventional air
conditioning device for antifreeze protection, for example
to prevent water pipes from freezing in winter when a
building is temporarily not in use (e.g., a summer house),
air circulation is more important than the temperature of
the discharged air. Since conventional air conditioning
devices impede air circulation in case of low heat ex-
changer temperature, these devices are not very efficient
in terms of antifreeze protection.

Summary of the invention

[0004] In view of the above, there is the desire to pro-
vide an air conditioner, a computer-implemented method
of controlling an air conditioner and a controller for such
an air conditioner that are capable of increasing the effi-
ciency of an air conditioner, in particular an indoor unit
of a separate type air conditioner, during antifreeze op-
eration or protection.
[0005] This aim may be achieved by an air conditioner
as defined in claim 1, a computer-implemented method
of controlling an air conditioner as defined in claim 12
and a controller of an air conditioner as defined in claim
15. Embodiments may be found in the dependent claims,

the following description and the accompanying draw-
ings.
[0006] In particular, in view of the limitations discussed
above, the present inventors have devised, in accord-
ance with a first aspect herein, an air conditioner, in par-
ticular an indoor unit of a separate type air conditioner,
comprising: an indoor heat exchanger; an indoor fan that
circulates air, which has undergone heat exchange in the
indoor heat exchanger, indoors; and a controller that con-
trols at least the indoor fan; wherein, the controller is con-
figured to have a first mode in which an air volume of the
indoor fan is controlled in dependence on a (present)
temperature of the indoor heat exchanger at a start of a
heating operation, and a second mode in which the air
volume of the indoor fan is kept constant at a start of a
heating operation, in particular independent of the
(present) temperature of the indoor heat exchanger,
wherein the controller is configured to activate the second
mode when an indoor set temperature for heating oper-
ation is set below a predetermined temperature or a user
selects the second mode (actively).
[0007] Hence, an air conditioner is provided, capable
of increasing efficiency of the heating operation during
start of a heating operation, namely an operation period
from when a heating operation is started to when the
heating operation stabilizes as a normal heating opera-
tion, particularly at low room temperatures. Accordingly,
the air conditioner according to the present invention is
capable of providing a more efficient antifreeze protec-
tion.
[0008] As used herein, the term "actively" refers to the
fact that the user of the air conditioner activates a specific
mode, in particular the second mode, by intentionally
choosing said mode, for example by pushing a corre-
sponding button on the controller, in particular the re-
mote-control unit. Accordingly, in this case the respective
mode, in particular the second mode, is not automatically
activated by a logic of the controller, namely the require-
ment that the indoor set temperature for heating opera-
tion is set below the predetermined temperature, but is
preselected by the user.
[0009] According to a further aspect of the present in-
vention, the controller may be further configured to acti-
vate the second mode when the heating operation is
started after the indoor set temperature is set below the
predetermined temperature.
[0010] Furthermore, in some aspects of the present
invention, the controller may be further configured to start
the heating operation, when a room temperature of the
room or space to be heated drops below a predetermined
minimum room temperature, for example, for antifreeze
protection. Accordingly, the heating operation is auto-
matically started when the room temperature of the room
or space to be heated drops below the predetermined
minimum room temperature, which may be equal to or
below the predetermined temperature for activating the
second mode, and since generally the predetermined
minimum room temperature is set below the predeter-
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mined temperature for activating the second mode, the
heating operation is started in the second mode.
[0011] Moreover, in some aspects of the present in-
vention, the controller may be further configured to acti-
vate the second mode when a user selects or activates
the second mode via a control unit, in particular a remote-
control unit, or via a remote data transmission (cloud
based).
[0012] In the context of the present invention, the term
"cloud based" is to be understood such that respective
control signal is not provided on side, in particular by the
remote-control unit, but via a remote data transmission.
In more detail, in order to provide this remote-control op-
tion to the user, a worldwide web server is provided al-
lowing the user to send instructions from a portable de-
vice like a smartphone or tablet via the worldwide web
server to the respective air conditioner. In this case, the
user can for example change the indoor set temperature,
the minimum room temperature, etc. remotely.
[0013] In some aspects, the air conditioner may further
comprise: an indoor outlet that blows out the air, which
has undergone heat exchange in the indoor heat ex-
changer, indoors; and a vertical deflector that is arranged
in the indoor outlet to change an air direction in a vertical
direction, wherein the controller is further configured to
control the air direction of the vertical deflector in the ver-
tical direction, in particular to restrict a position of the
vertical deflector so that the vertical deflector is at least
faced upward in a blow-out direction adjustment range
at the start of the heating operation in the first mode.
[0014] According to a further aspect of the present in-
vention, the controller is further configured to cancel any
restriction or not restrict the position of the vertical de-
flector at the start of the heating operation in the second
mode.
[0015] Moreover, the controller may be further config-
ured to increase the air volume of the indoor fan in the
first mode as the indoor heat exchanger temperature in-
creases at the start of the heating operation.
[0016] In some aspects of the present invention, the
air conditioner may further comprise a human detection
sensor configured to detect people inside the room or
space to be heated, wherein the controller may be con-
figured to switch from the second mode to the first mode,
if people are detected by the human detection sensor, in
particular after the second mode is activated and before
normal heating operation starts.
[0017] According to a further aspect of the present in-
vention, the air conditioner may further comprise at least
one means of feedback for indicating that the air condi-
tioner is set into antifreeze protection operation, wherein
the means of feedback may comprise at least one of a
light-emitting diode or a liquid crystal display. Moreover,
the at least one means of feedback may be provided in
a casing of the air conditioner and/or in a remote-control
unit.
[0018] Moreover, the controller may be further config-
ured to switch from the first mode or the second mode

into a normal heating operation when the indoor heat
exchanger temperature reaches a pre-set target temper-
ature, wherein in the normal heating operation preferably
any air volume restriction and/or any air direction restric-
tion is cancelled.
[0019] In some aspects of the present invention, the
air conditioner may be a wall-mounted indoor unit of a
separate type air conditioner, preferably comprising an
indoor outlet that is arranged on a lower part of the wall-
mounted indoor unit. The controller may be further con-
figured to restrict the position of a vertical deflector so
that the vertical deflector is located at an uppermost po-
sition in a blow-out direction adjustment range at the start
of the heating operation in the first mode.
[0020] According to a further aspect of the present in-
vention, the controller may be configured to keep the air
volume of the indoor fan at the start of the heating oper-
ation in the second mode at at least 80% of the maximum
air volume of the indoor fan, preferably at at least 90%
of the maximum air volume of the indoor fan, more pref-
erably at at least 95% of the maximum air volume of the
indoor fan.
[0021] Moreover, the predetermined temperature for
activating the second mode may be set to 18 degrees
Celsius, preferably 15 degrees Celsius, more preferably
10 degrees Celsius.
[0022] The present inventors have further devised, in
accordance with a second aspect herein, a computer-
implemented method of controlling an air conditioner, in
particular an indoor unit of a separate type air conditioner,
the method comprising: a first mode in which an air vol-
ume of an indoor fan of the air conditioner is controlled
in dependence on a (present) temperature of the indoor
heat exchanger at a start of a heating operation, and a
second mode in which the air volume of the indoor fan
is kept constant at a start of a heating operation, in par-
ticular independent of the (present) temperature of the
indoor heat exchanger, wherein the second mode is ac-
tivated when an indoor set temperature for heating op-
eration is set below a predetermined temperature or a
user selects the second mode (actively).
[0023] Moreover, the second mode may be activated
when the heating operation is started after the indoor set
temperature is set below the predetermined temperature
or when a user selects or activates the second mode via
a control unit, in particular a remote-control unit, or via a
remote data transmission (cloud based).
[0024] Furthermore, in some aspects of the present
invention, the computer-implemented method may fur-
ther comprise: monitoring the presence of a person inside
the room or space to be heated, and switching from the
second mode to the first mode if a person is detected, in
particular after the second mode is activated and before
normal heating operation starts.
[0025] The present inventors have further devised, in
accordance with a third aspect herein, a controller of an
air conditioner, in particular an indoor unit of a separate
type air conditioner, having a control unit and means
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adapted to execute the steps of the method according to
any one of the above-described aspects.
[0026] The present invention further provides a com-
puter program comprising instructions to cause a con-
troller, in particular the above-described controller, to ex-
ecute the steps of the computer-implemented method
according to any one of the above-described aspects.
[0027] Moreover, a further aspect of the present inven-
tion is directed to a computer-readable medium having
stored thereon the above-described computer program.
[0028] The use of the air conditioner of the present
invention for antifreeze protection may use the computer-
implemented method of controlling an air conditioner of
the present invention or the controller of an air conditioner
of the present invention. Therefore, the further features
disclosed in connection with the above description of the
air conditioner may also be applied to the computer-im-
plemented method of controlling an air conditioner and
vice-versa. The same applies to the controller and the
computer program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete appreciation of the present
invention and many of the attendant advantages thereof
will be readily obtained as the same becomes better un-
derstood by reference to the following detailed descrip-
tion when considered in connection with the accompa-
nying drawings, in which:

Fig. 1 shows a schematic cross-sectional view of a
wallmounted indoor unit of an air conditioner in
accordance with one embodiment of the
present invention;

Fig. 2 shows a functional block diagram of the air con-
ditioner in accordance with one embodiment of
the present invention;

Fig. 3 shows a flowchart illustrating an action in a
blowout air control at the start of a heating op-
eration of the air conditioner in a first mode in
accordance with one embodiment of the
present invention;

Fig. 4 shows a diagram illustrating a relationship of
an indoor heat exchanger temperature and an
air volume of an indoor fan in the blow-out air
control at the start of the heating operation in
the first mode of the air conditioner; and

Fig. 5 shows a flowchart illustrating an action in a
blowout air control at the start of a heating op-
eration of the air conditioner in a second mode
in accordance with one embodiment of the
present invention.

DETAILED DESCRIPTION

[0030] Embodiments of the present disclosure will now
be explained with reference to the drawings. It will be
apparent to those skilled in the field of air conditioning
devices from this disclosure that the following description
of the embodiments is provided for illustration only and
not for the purpose of limiting the disclosure as defined
by the appended claims. Features of the embodiments
described below can also be used to further characterize
the devices and method defined in the claims.
[0031] Modifications of features can be combined to
form further embodiments. Features described in individ-
ual embodiments can be provided in a single embodi-
ment if they are not incompatible. Likewise, features de-
scribed in a single embodiment can be provided in sev-
eral embodiments individually or in any suitable sub-com-
bination. As used in the specification and the appended
claims, the singular forms "a", "an", "the" and the like
include plural referents unless the context clearly dictates
otherwise.
[0032] The same reference numerals listed in different
drawings refer to identical, corresponding or functionally
similar elements. Moreover, where technical features in
the drawings, detailed description or any claims are fol-
lowed by reference signs, the reference signs have been
included for the sole purpose of increasing the intelligi-
bility of the drawings, detailed description, and claims.
Accordingly, neither the reference signs nor their ab-
sence has any limiting effect on the scope of any claim
elements.
[0033] As described hereinafter, example implemen-
tations of the present invention relate to an air condition-
er. The air conditioner in accordance with the present
embodiment includes a wall-mounted indoor unit 1
shown in Figure 1 and an outdoor unit 20 (refer to Figure
2) and performs heat-pump type cooling and heating op-
erations.
[0034] The wall-mounted indoor unit 10 is entirely elon-
gated in one direction and mounted on a wall surface of
a room so that its longitudinal direction is horizontal. As
shown in Fig. 1, the wall-mounted indoor unit 10 includes
a casing 2, an indoor fan 3 accommodated in the casing
2, an indoor heat exchanger 4, sideward deflectors 5, a
vertical deflector 6, an auxiliary vertical deflector 7, and
the like.
[0035] The casing 2 includes a substantially box-
shaped casing base 11 and a front panel 12. The casing
base 11 is open at the front, and the front panel 12 covers
the open front portion of the casing base 11. The casing
base 11 includes an upper surface, in which an indoor
inlet 13 is formed, and a lower surface, in which an indoor
outlet 14 is formed. The indoor inlet 13 is a grid-like open-
ing elongated in a sideward direction, and the indoor out-
let 14 is a rectangular opening elongated in the sideward
direction. When performing an air conditioning operation
(cooling operation or heating operation), the indoor fan
3, which is arranged in an air flow path from the indoor
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inlet 13 to the indoor outlet 14, is driven to draw in air
through the indoor inlet 13 so that the air performs heat
exchange (i.e., becomes heated or cooled) in the indoor
heat exchanger 4 and is then blown out of the indoor
outlet 14 into the room.
[0036] The sideward deflectors 5 are arranged at an
inner side of the indoor outlet 14 to adjust an air direction
of the air blown out of the indoor outlet 14 in the sideward
direction.
[0037] The vertical deflector 6 adjusts the air direction
of the air blown out of the indoor outlet 14 in a vertical
direction. The vertical deflector 6 includes a pivot centre
C1 at an intermediate position of the indoor outlet 14 in
the vertical direction. The vertical deflector 6 indicated
by the solid lines in Fig. 1 is located at the uppermost
position in a blow-out direction adjustment range of the
vertical deflector 6. Further, the vertical deflector 6 indi-
cated by the double-dashed lines in Fig. 1 is located at
the lowermost position in the blow-out direction adjust-
ment range of the vertical deflector 6. The uppermost
position in the blow-out direction adjustment range cor-
responds to a position at which the vertical deflector 6 is
practically horizontal in the same manner as a typical
wall-mounted indoor unit. Further, in response to an op-
eration instruction of a user during a cooling operation or
a heating operation, the vertical deflector 6 is configured
to be swung by a drive motor (not shown) between the
solid line position and the double-dashed line position
and held at any position between the solid line position
and the double-dashed line position.
[0038] The auxiliary vertical deflector 7 is arranged
along an upper structural portion of the indoor outlet 14
to prevent water from collecting on the inner surface of
the vertical deflector 6 during a cooling operation. The
auxiliary vertical deflector 7 is configured to adjust the air
direction of the blown-out air between a solid line position
and a double-dashed line position in Fig. 1 about a pivot
center C2. The auxiliary vertical deflector 7 is automati-
cally controlled to be held at an optimal position in coop-
eration with the position of the vertical deflector 6 in the
blow-out direction adjustment range during a cooling op-
eration. However, during a heating operation, the auxil-
iary vertical deflector 7 is held at the uppermost position
(solid line in Fig. 1) in a blow-out direction adjustment
range. The description of the present embodiment is re-
lated to actions at the start of a heating operation. Thus,
actions of the auxiliary vertical deflector 7 during a cooling
operation will not be described.
[0039] Further, when a cooling operation and a heating
operation are stopped, the vertical deflector 6 and the
auxiliary vertical deflector 7 are each configured to be
pivoted to a position located further upward from the up-
permost position in the corresponding blow-out direction
adjustment range so that the vertical deflector 6 and the
auxiliary vertical deflector 7 are in contact with the upper
structural portion of the indoor outlet 14 (that is, closed
positions) to close the indoor outlet 14. In this manner,
the vertical deflector 6 also serves as a cover member

of the indoor outlet 14.
[0040] In the same manner as a typical wall-mounted
indoor unit, an airflow resistance of the indoor outlet 14
becomes maximized when the vertical deflector 6 is at
the uppermost position in the blow-out direction adjust-
ment range. The air flow resistance of the indoor outlet
14 decreases at positions downward from the uppermost
position and becomes minimized at a middle position be-
tween the uppermost position and the lowermost posi-
tion. This effect is caused by the bending state of the air
flow path and changes in the dimensions of the space
between the two deflectors where air flows. Therefore,
when the vertical deflector 6 is at an intermediate position
in the blow-out direction adjustment range, the volume
of blown-out air from the indoor outlet 14 is increased as
compared to when the vertical deflector 6 is at the up-
permost position in the blow-out direction adjustment
range.
[0041] Figure 2 shows a functional block diagram of
the air conditioner 1 in accordance with one embodiment
of the present invention. As shown in Figure 2, the wall-
mounted indoor unit 10 incorporates a controller 30 that
entirely controls the operation of the air conditioner. The
controller 30 is configured by a memory that stores pre-
determined control programs, a processor that runs on
the control programs to perform various controls, and the
like. Further, the controller 30 includes an air volume con-
troller 31 and an air direction controller 32. The air volume
controller 31 restricts the air volume produced by the in-
door fan 3 at the start of a heating operation. The air
direction controller 32 controls the vertical air direction
with the vertical deflector 6 at the start of a heating op-
eration. The controller 30 further includes a transmis-
sion/reception circuit unit 33, which performs communi-
cation with the outdoor unit 20, and the like.
[0042] The controller 30 may comprise one or more
processing units or modules (e.g. a central processing
unit (CPU) such as a microprocessor, or a suitably pro-
grammed field programmable gate array (FPGA) or ap-
plication-specific integrated circuit (ASIC)). Additionally,
or alternatively, the controller 30 may be provided with
any memory sections (not shown) necessary to perform
its function of controlling operation of the air conditioner
1. Such memory sections may be provided as part of
(comprised in) the controller 30 (e.g. integrally formed or
provided on the same chip) or provided separately, but
electrically connected to the controller 30. By way of ex-
ample, the memory sections may comprise both volatile
and non-volatile memory resources, including, for exam-
ple, a working memory (e.g. a random access memory).
In addition, the memory sections may include an instruc-
tion store (e.g. a ROM in the form of an electrically-eras-
able programmable read-only memory (EEPROM) or
flash memory) storing a computer program comprising
computer-readable instructions which, when executed
by the controller 30, cause the controller 30 to perform
various functions described herein.
[0043] The computer program comprising the compu-
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ter-readable instructions which, when executed by the
controller 30, cause the controller 30 to perform various
functions described herein may, for example, be a soft-
ware or a firmware program.
[0044] The control device 30 is connected to the indoor
fan 3 and an indoor heat-exchanger temperature sensor
41. The indoor fan 3 is an indoor circulation fan that cir-
culates the air, which has undergone heat exchange in
the indoor heat exchanger 4, indoors. The indoor fan 3
includes a drive motor, of which rotational speed is con-
trolled based on an instruction from the air volume con-
troller 31 for control of the air volume.
[0045] The indoor heat-exchanger temperature sensor
41 is attached to the indoor heat exchanger 4 at a position
that allows for detection of an average temperature of
the indoor heat exchanger 4 as an indoor heat exchanger
temperature Tr. The indoor heat exchanger temperature
Tr detected by the indoor heat-exchanger temperature
sensor 41 is transmitted to the controller 30 and used as
reference data for the air volume control of the indoor fan
3 by the air volume controller 31 and the air direction
control of the vertical deflector 6 by the air direction con-
troller 32.
[0046] Further, the controller 30 is connected to drive
units of the vertical deflector 6, the auxiliary vertical de-
flector 7, and the sideward deflector 5 so that the deflec-
tors are controlled by the air direction controller 32. In
addition, the control device 30 is connected to an electric
expansion valve 42 that controls a refrigerant to the in-
door heat exchanger 4. An opening degree of the electric
expansion valve 42 is controlled by an instruction from
the controller 30.
[0047] Also, the wall-mounted indoor unit 10 includes
a remote-control unit 43 as an accessory. The remote-
control unit 43 functions as an operation unit of the air
conditioner 1 and includes an operation switch, an oper-
ation mode selection portion, a setting portion, an air vol-
ume setting portion, a means of feedback (e.g., a dis-
play), and the like. The operation switch starts and ends
operation of the air conditioner 1. The setting portion sets
a set temperature for the indoor air. The air volume setting
portion sets the air volume of the indoor fan during a
normal heating operation. The display shows the indoor
temperature or the air volume of the indoor fan. The re-
mote-control unit 43 is configured to transmit operating
information, which is selected or set, to the controller 30
through wireless communication.
[0048] The outdoor unit 20 includes a compressor 21,
an outdoor fan 22, as well as an outdoor controller 23
that controls these devices. Further, the outdoor unit 20
includes a four-way switching valve (not shown) that
switches a refrigerant circuit between a cooling cycle and
a heating cycle. The switching of the four-way switching
valve is controlled by the outdoor controller 23. Also, the
controller 30 of the wall-mounted indoor unit 10 is elec-
trically connected to the outdoor controller 23 via the
transmit/receive circuit unit 33, and operating information
from the remote-control unit 43 received by the controller

30 is also transmitted to the outdoor controller 23.

[First Mode]

[0049] With reference to Figures 3 and 4, the air volume
control of the indoor fan 3 and the air direction control of
the vertical deflector 6 at the start of a heating operation
according to the first mode, that is, a blow-out air control
at the start of a heating operation which will now be de-
scribed as an operation of the air conditioner 1. Specifi-
cally, the air direction of the vertical deflector 6 and the
air volume of the indoor fan 3 will be controlled in accord-
ance with the flowchart, which is described later, and
instructions from the remote-control unit 43 will be ig-
nored until the indoor heat exchanger temperature Tr
reaches a predetermined target set temperature Tt.
[0050] When a heating operation start instruction is
output from the remote-control unit 43 (step S1), the re-
frigerant circuit is switched to heating cycle to start op-
erating the compressor 21 and the outdoor fan 22. This
starts a heating operation of the air conditioner. In this
case, the vertical deflector 6 and the auxiliary vertical
deflector 7 arranged in the indoor outlet 14 open from
the closed positions, which close the indoor outlet 14,
and are pivoted to the uppermost positions in the blow-
out direction adjustment range. Then, the vertical deflec-
tor 6 is held at this position until the air direction restriction
is canceled (step S2). The auxiliary vertical deflector 7
is held at the uppermost position in the blow-out direction
adjustment range during a heating operation and does
not perform any other specific controls in the blow-out air
control at the start of a heating operation.
[0051] The indoor heat exchanger 4 is not heated when
the heating operation has just started. Thus, the indoor
heat exchanger temperature Tr is lower than a first
switching temperature T1 shown in Fig. 4. That is, the air
volume of the indoor fan 3 is restricted in a fan operation
prohibition zone indicated in Fig. 4. Thus, when the indoor
heat exchanger temperature Tr is lower than the first
switching temperature T1, the compressor 21 is operated
and the indoor fan 3 is stopped (step S3).
[0052] Subsequently, when the indoor heat exchanger
temperature Tr increases to the first switching tempera-
ture T1 as time elapses (YES in step S4), the restriction
on the air volume of the indoor fan 3 is switched to a
minimum air volume zone indicated in Fig. 4. This oper-
ates the indoor fan 3 to generate the minimum air volume
(step S5). When step S4 is NO, the control device 30
returns to step S3.
[0053] Then, when the indoor heat exchanger temper-
ature Tr increases to a second switching temperature T2
as time elapses (YES in step S6), the restriction on the
air volume of the indoor fan 3 is switched to an interme-
diate air volume zone indicated in Fig. 4. This operates
the indoor fan 3 to generate an intermediate air volume
(step S7). When step S6 is NO, the control device 30
returns to step S5.
[0054] Next, when the indoor heat exchanger temper-
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ature Tr increases to a third switching temperature T3 as
time elapses further (YES in step S8), the restriction on
the volume of the indoor fan 3 is switched to a maximum
air volume zone indicated in Fig. 4. This operates the
indoor fan 3 to generate the maximum air volume (step
S9). When step S8 is NO, the control device 30 returns
to step S7.
[0055] In this manner, when the indoor heat exchanger
temperature Tr increases further to the target set tem-
perature Tt as time elapses (YES in step S10), it is as-
sumed that the temperature of the blown-out air has been
increased to a point where cold air that would be annoying
to a person in a room will not be blown out. Thus, the
restriction on the air direction of the vertical deflector 6
and the restriction on the air volume of the indoor fan 3
are canceled (step S11). This ends the blow-out air con-
trol at the start of a heating operation according to the
first mode. In this manner, the heating operation stabiliz-
es and becomes normal after the indoor heat exchanger
temperature Tr reaches the target set temperature Tt.
Specifically, when the restriction on the air direction of
the vertical deflector 6 and the restriction on the air vol-
ume of the indoor fan 3 are canceled, the indoor fan 3 is
operated at the air volume set by the remote-control unit
43 and the vertical deflector 6 is moved to the position
set by the remote-control unit 43 for heating operation.
[0056] Here, the restriction on the air direction of the
vertical deflector 6 is canceled when the indoor heat ex-
changer temperature Tr becomes equal to the target set
temperature Tt, which is higher than the third switching
temperature T3, instead of when the indoor heat ex-
changer temperature Tr becomes equal to the third
switching temperature T3. This is because when the ver-
tical deflector 6 is shifted to a position downward from
the uppermost position in the blow-out direction adjust-
ment range, the volume of the blown-out air will increase
and the indoor heat exchanger temperature Tr may de-
crease in accordance with the increase. In the same man-
ner, the restriction on the air volume of the indoor fan 3
is canceled when the indoor heat exchanger temperature
Tr becomes equal to the target set temperature Tt, which
is higher than the third switching temperature T3, instead
of when the indoor heat exchanger temperature Tr be-
comes equal to the third switching temperature T3 in or-
der to increase the initiation speed of the heating oper-
ation as soon as possible.
[0057] In the blow-out air control at the start of a heating
operation, the switching temperatures T1, T2, and T3,
which are set for the indoor heat exchanger temperature
Tr indicated in Fig. 4, are set to be lower when the indoor
heat exchanger temperature Tr is decreasing than when
the indoor heat exchanger temperature Tr is increasing.
This is to avoid chattering of the indoor heat-exchanger
temperature sensor 41 and hunting of the air volume of
the indoor fan 3.

[Second Mode]

[0058] Fig. 5 shows a flowchart illustrating an action in
a blow-out air control at the start of a heating operation
of the air conditioner in a second mode in accordance
with one embodiment of the present invention.
[0059] Similar to the embodiment explained with re-
spect to Figs. 3 and 4, the refrigerant circuit is switched
to heating cycle to start operating the compressor 21 and
the outdoor fan 22 when a heating operation start instruc-
tion is output from the remote-control unit 43. This starts
a heating operation of the air conditioner.
[0060] After the heating operation is started, the air
conditioner 1, in particular its controller 30, determines
whether or not an indoor set temperature for the heating
operation is set below a predetermined temperature, in
the present case below 18°C, and switches to a first mode
or a second mode depending thereon. In case the indoor
set temperature is set above 18°C, the controller switch-
es in the first mode in which a fan speed of the indoor
fan 3 is limited to avoid cold draft. In other words, an air
volume of the indoor fan 4 is controlled in dependence
on a temperature of the indoor heat exchanger at the
start of the heating operation. This first mode of operation
has already been explained in detail above with reference
to the embodiment shown in Figs. 3 and 4.
[0061] On the other hand, in case the indoor set tem-
perature is set below 18°C, the controller switches in the
second mode in which the air volume of the indoor fan
is kept constant at a start of the heating operation. In
other words, contrary to the first mode the air volume of
the indoor fan is not controlled in dependence on the
temperature of the indoor heat exchanger at the start of
the heating operation. This means, at the start of the heat-
ing operation, when the indoor set temperature is set
below 18°C, the indoor fan speed is set to a fixed speed
or fixed air volume, and unlike the first mode, there are
no restrictions on the position of the vertical deflector.
[0062] The air volume of the indoor fan 3 may be op-
erated at the start of the heating operation at 80% of the
maximum air volume of the indoor fan, preferably at 90%
of the maximum air volume of the indoor fan.
[0063] Subsequently, or optionally, a human detection
step is performed, which detects the presence of a person
in the room or space to be heated. In case a person is
detected in the room or space to be heated, the controller
30 switches into the first mode, in which the fan speed
is limited to avoid cold draft.
[0064] Then, when the indoor heat exchanger temper-
ature Tr increases as time elapses, the indoor heat ex-
changer temperature is continuously compared with the
target set temperature Tt, and once the indoor heat ex-
changer temperature Tr reaches the target set temper-
ature Ts as time elapses, the second mode is canceled
and the controller 30 returns to the usual heating mode.
In this manner, the heating operation stabilizes and be-
comes normal after the indoor heat exchanger temper-
ature Tr reaches the target set temperature Tt.
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[0065] The second mode is particularly interesting for
the case that the heating operation is started after the
indoor set temperature is set below the predetermined
temperature, in the present case below 18°C. This may
be for example the case, when the start of the heating
operation is triggered by a drop of the room temperature
below a predetermined minimum room temperature, for
example for antifreeze protection.
[0066] Although detailed embodiments have been de-
scribed, they only serve to provide a better understanding
of the invention defined by the independent claims, and
are not to be seen as limiting.

REFERENCE LIST

[0067]

1 Air conditioner
2 Casing
3 Indoor fan
4 Indoor heat exchanger
5 Sideward Deflector
6 Vertical Deflector

10 Indoor unit
11 Casing base
12 Front panel
13 Indoor inlet (Air)
14 Indoor outlet (Air)

C1 Pivot center C1
C2 Pivot center C2

20 Outdoor unit
21 Compressor
22 Outdoor fan
23 Outdoor controller

30 Controller (Indoor controller)
31 Air volume controller
32 Air direction controller
33 Transmission/Reception circuit unit

34 Remote-Control unit

Claims

1. An air conditioner (1), comprising:

an indoor heat exchanger (4);
an indoor fan (3) that circulates air, which has
undergone heat exchange in the indoor heat ex-
changer (4), indoors; and
a controller (30) that controls at least the indoor
fan (3); wherein,
the controller (30) is configured to have a first
mode in which an air volume of the indoor fan

(3) is controlled in dependence on a temperature
of the indoor heat exchanger (4) at a start of a
heating operation, and a second mode in which
the air volume of the indoor fan (3) is kept con-
stant at a start of a heating operation, independ-
ent of the temperature of the indoor heat ex-
changer (4), wherein
the controller (30) is configured to activate the
second mode when an indoor set temperature
for heating operation is set below a predeter-
mined temperature or a user selects the second
mode.

2. The air conditioner (1) according to claim 1,
wherein the controller (30) is further configured to
activate the second mode when the heating opera-
tion is started after the indoor set temperature is set
below the predetermined temperature.

3. The air conditioner (1) according to claim 1 or 2,
wherein the controller (30) is further configured to
activate the second mode when a user selects or
activates the second mode via a control unit.

4. The air conditioner (1) according to any one of the
preceding claims, further comprising:

an indoor outlet (14) that blows out the air, which
has undergone heat exchange in the indoor heat
exchanger (4), indoors; and
a vertical deflector (6) that is arranged in the
indoor outlet (14) to change an air direction in a
vertical direction,
wherein the controller (30) is further configured
to control the air direction of the vertical deflector
(6) in the vertical direction, in particular to restrict
a position of the vertical deflector (6) so that the
vertical deflector (6) is at least faced upward in
a blow-out direction adjustment range at the
start of the heating operation in the first mode.

5. The air conditioner (1) according to claim 4,
wherein the controller (30) is further configured to
cancel any restriction or not restrict the position of
the vertical deflector at the start of the heating oper-
ation in the second mode.

6. The air conditioner (1) according to any one of the
preceding claims,
wherein the controller (30) is configured to increase
the air volume of the indoor fan (3) in the first mode
as the indoor heat exchanger temperature increases
at the start of the heating operation.

7. The air conditioner (1) according to any one of the
preceding claims,

further comprising a human detection sensor
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configured to detect people inside the room to
be heated,
wherein the controller (30) is configured to
switch from the second mode to the first mode,
if people are detected by the human detection
sensor, after the second mode is activated and
before normal heating operation starts.

8. The air conditioner (1) according to any one of the
preceding claims,
wherein the controller (30) is configured to switch
from the first mode or the second mode into a normal
heating operation when the indoor heat exchanger
temperature reaches a pre-set target temperature,
wherein in the normal heating operation any air vol-
ume restriction and/or any air direction restriction is
cancelled.

9. The air conditioner (1) according to any one of the
preceding claims,

wherein the air conditioner (1) is a wall-mounted
indoor unit (10) of a separate type air condition-
er,
an indoor outlet (14) is arranged on a lower part
of the wall-mounted indoor unit (1), and
the controller (30) is preferably configured to re-
strict the position of a vertical deflector (6) so
that the vertical deflector (6) is located at an up-
permost position in a blow-out direction adjust-
ment range at the start of the heating operation
in the first mode.

10. The air conditioner (1) according to any one of the
preceding claims,
wherein the controller (30) is configured to keep the
air volume of the indoor fan (3) at the start of the
heating operation in the second mode at at least 80%
of the maximum air volume of the indoor fan (3).

11. The air conditioner (1) according to any one of the
preceding claims,
wherein the predetermined temperature for activat-
ing the second mode is set to 18 degrees Celsius.

12. A computer-implemented method of controlling an
air conditioner (1), in particular an indoor unit (10) of
a separate type air conditioner, the method compris-
ing:

a first mode in which an air volume of an indoor
fan (3) of the air conditioner is controlled in de-
pendence on a temperature of the indoor heat
exchanger (4) at a start of a heating operation,
and
a second mode in which the air volume of the
indoor fan (3) is kept constant at a start of a
heating operation, independent of the tempera-

ture of the indoor heat exchanger (4), wherein
the second mode is activated when an indoor
set temperature for heating operation is set be-
low a predetermined temperature or a user se-
lects the second mode.

13. The computer-implemented method according to
claim 12, wherein the second mode is activated
when the heating operation is started after the indoor
set temperature is set below the predetermined tem-
perature or when a user selects or activates the sec-
ond mode via a control unit.

14. The computer-implemented method according to
claim 12 or 13, further comprising:

monitoring the presence of a person inside the
room to be heated, and
switching from the second mode to the first
mode if a person is detected, after the second
mode is activated and before normal heating op-
eration starts.

15. A controller (30) of an air conditioner (1), having a
control unit and means adapted to execute the steps
of the method of claims 12 to 14.

Amended claims in accordance with Rule 137(2)
EPC.

1. An air conditioner (1), comprising:

an indoor heat exchanger (4);
an indoor fan (3) that circulates air, which has
undergone heat exchange in the indoor heat ex-
changer (4), indoors; and
a controller (30) that controls at least the indoor
fan (3); wherein,
the controller (30) is configured to have a first
mode in which an air volume of the indoor fan
(3) is controlled in dependence on a temperature
of the indoor heat exchanger (4) at a start of a
heating operation, and a second mode in which
the air volume of the indoor fan (3) is kept con-
stant at a start of a heating operation, independ-
ent of the temperature of the indoor heat ex-
changer (4), wherein
the controller (30) is configured to activate the
second mode when an indoor set temperature
for heating operation is set below a predeter-
mined temperature.

2. The air conditioner (1) according to claim 1,
wherein the controller (30) is further configured to
activate the second mode when the heating opera-
tion is started after the indoor set temperature is set
below the predetermined temperature.
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3. The air conditioner (1) according to claim 1 or 2,
wherein the controller (30) is further configured to
activate the second mode when a user selects or
activates the second mode via a control unit.

4. The air conditioner (1) according to any one of the
preceding claims, further comprising:

an indoor outlet (14) that blows out the air, which
has undergone heat exchange in the indoor heat
exchanger (4), indoors; and
a vertical deflector (6) that is arranged in the
indoor outlet (14) to change an air direction in a
vertical direction,
wherein the controller (30) is further configured
to control the air direction of the vertical deflector
(6) in the vertical direction, in particular to restrict
a position of the vertical deflector (6) so that the
vertical deflector (6) is at least faced upward in
a blow-out direction adjustment range at the
start of the heating operation in the first mode.

5. The air conditioner (1) according to claim 4,
wherein the controller (30) is further configured to
cancel any restriction or not restrict the position of
the vertical deflector at the start of the heating oper-
ation in the second mode.

6. The air conditioner (1) according to any one of the
preceding claims,
wherein the controller (30) is configured to increase
the air volume of the indoor fan (3) in the first mode
as the indoor heat exchanger temperature increases
at the start of the heating operation.

7. The air conditioner (1) according to any one of the
preceding claims,

further comprising a human detection sensor
configured to detect people inside the room to
be heated,
wherein the controller (30) is configured to
switch from the second mode to the first mode,
if people are detected by the human detection
sensor, after the second mode is activated and
before normal heating operation starts.

8. The air conditioner (1) according to any one of the
preceding claims,
wherein the controller (30) is configured to switch
from the first mode or the second mode into a normal
heating operation when the indoor heat exchanger
temperature reaches a pre-set target temperature,
wherein in the normal heating operation any air vol-
ume restriction and/or any air direction restriction is
cancelled.

9. The air conditioner (1) according to any one of the

preceding claims,

wherein the air conditioner (1) is a wall-mounted
indoor unit (10) of a separate type air condition-
er,
an indoor outlet (14) is arranged on a lower part
of the wall-mounted indoor unit (1), and
the controller (30) is preferably configured to re-
strict the position of a vertical deflector (6) so
that the vertical deflector (6) is located at an up-
permost position in a blow-out direction adjust-
ment range at the start of the heating operation
in the first mode.

10. The air conditioner (1) according to any one of the
preceding claims,
wherein the controller (30) is configured to keep the
air volume of the indoor fan (3) at the start of the
heating operation in the second mode at at least 80%
of the maximum air volume of the indoor fan (3).

11. The air conditioner (1) according to any one of the
preceding claims,
wherein the predetermined temperature for activat-
ing the second mode is set to 18 degrees Celsius.

12. A computer-implemented method of controlling an
air conditioner (1), in particular an indoor unit (10) of
a separate type air conditioner, the method compris-
ing:

a first mode in which an air volume of an indoor
fan (3) of the air conditioner is controlled in de-
pendence on a temperature of the indoor heat
exchanger (4) at a start of a heating operation,
and
a second mode in which the air volume of the
indoor fan (3) is kept constant at a start of a
heating operation, independent of the tempera-
ture of the indoor heat exchanger (4), wherein
the second mode is activated when an indoor
set temperature for heating operation is set be-
low a predetermined temperature or a user se-
lects the second mode.

13. The computer-implemented method according to
claim 12, wherein the second mode is activated
when the heating operation is started after the indoor
set temperature is set below the predetermined tem-
perature or when a user selects or activates the sec-
ond mode via a control unit.

14. The computer-implemented method according to
claim 12 or 13, further comprising:

monitoring the presence of a person inside the
room to be heated, and
switching from the second mode to the first
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mode if a person is detected, after the second
mode is activated and before normal heating op-
eration starts.
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