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(57) Abstract: Outdoor unit (10) for a heat pump comprising a
refrigerant circuit, the outdoor unit (10) comprising a casing (11),
a fan (50) accommodated in the casing, the fan (50) having fan
blades (55) rotatable about an axis of rotation (56), a grille (100)
covering the fan blades (55), characterized in that at least an outer
surface (101) of the grille is outwardly curved; the grille (100) is
divided into a first area (A1) and a second area (A2), the first area
(A1) being defined so that the distance (D) between the fan blades
(55) and the outer surface (101) of the grille (100) is not more than
a first threshold, and the second area (A2) being defined so that
the distance (D) between the fan blades (55) and the outer surface
(101) of the grille (100) is larger than the first threshold, wherein
openings (102) are formed in the first (A1) and second (A2) areas
of the grille (100), a smallest dimension of each of the openings
(102) in the first area (A1) perpendicular to the axis of rotation
(56) of the fan blades (55) is not more than a second threshold and
a smallest dimension of at least some of the openings (102) in the
second area (A2) perpendicular to the axis of rotation (56) of the
fan blades (55) is larger than the second threshold.
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Description

OUTDOOR UNIT FOR A HEAT PUMP HAVING A GRILLE WITH OPENINGS OF DIFFERENTS DIMENSIONS

Technical Field

The present disclosure relates to heat pumps for cooling and/or heating purposes. In
particular, the disclosure relates to split-type heat pumps comprising an outdoor unit
and at least one indoor unit. Even more particular, the disclosure relates to a heat pump
using air as heat source.

Background Art

Outdoor units of air heat pumps comprise a casing accommodating a portion of the
refrigerant circuit of the heat pump, including a heat source heat exchanger, and a fan
for inducing an air flow through the heat source heat exchanger enabling heat
exchange between the air flow and a refrigerant flowing through the heat source heat
exchanger.

The fan has fan blades rotatable about an axis of rotation. In order to comply with in-
dustrial standards and regulations, such as DIN EN ISO 13857 2018-01, a grille or fan
guard is provided covering the fan blades. An example showing such an outdoor unit
may be found in EP 3 348 842 Al.

Whereas outdoor units were in the past primarily arranged in hidden locations, such
as on the roofs of buildings, the outdoor units are nowadays often installed in front of
residential buildings and sometimes even right beside the front door.

From this perspective, there is a desire to improve the outer appearance of the
outdoor units. In most of these outdoor units, the grille is oriented vertically covering a
portion of the front of the casing. Thus, the grille has a significant influence on the
outer appearance of the entire outdoor unit.

Yet, the design freedom of the grille is relatively limited as it has, on the one hand, to
comply with said industrial standards and regulations and, on the other hand, in-
fluences the flow resistance for the air flow induced by the fan flowing through the

heat exchanger and thereby the heat exchange.
Citation List

Patent Literature

[PTL 1] EP 3 348 842 A1l
Summary of Invention

In view of the above, there is the desire to provide an outdoor unit for a heat pump
allowing a larger design scope for the grille still complying with the respective
standards and regulations and meeting the requirements relating to the flow resistance.

This aim may be achieved by an outdoor unit as defined in claim 1. Embodiments
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may be found in the dependent claims, the following description and the ac-
companying drawings.

According to a first aspect, an outdoor unit for a heat pump comprising a refrigerant
circuit is suggested. The refrigerant circuit may at least comprise a heat source heat
exchanger disposed in the outdoor unit, a heat consumer heat exchanger, disposed in
the indoor unit, an expansion valve and a compressor connected by refrigerant pipes.
The outdoor unit comprises a casing (may also be referred to as outer casing), a fan ac-
commodated in the casing, the fan having fan blades rotatable about an axis of rotation,
and a grille (may also be referred to as fan guard) covering the fan blades.

According to an embodiment, a bell mouth may be provided having an air flow
opening, such as a circular airflow opening, centered relative to the axis of rotation of
the fan blades. The grille may at least cover the air flow opening of the bell mouth.

In the first aspect, the grille is divided into a first area and a second area, particularly
when seen in a view perpendicular to the grille (for example a front view of the
outdoor unit) or when seen in a direction of or parallel to the axis of rotation. The first
area is defined in that the distance (smallest/minimum distance) between the fan blades
and the outer surface of the grille is not more than a first threshold. The second area is
defined in that the distance (smallest/minimum distance) between the fan blades and
the outer surface of the grille is larger than the first threshold. It is to be understood
that more than the two areas may be defined, even though in one example only two
areas are defined. According to an embodiment, the two areas are concentric to each
other and/or the rotational axis. In another embodiment, the two areas are arranged side
by side and for example separated by a straight line such as a vertical line. The straight
line may be centered or offset relative to the rotational axis. In view of the aforesaid,
the first and second areas may at least be provided in the region of the air flow opening
of the bell mouth.

In the first aspect, openings are formed in the first and second areas of the grille.
Each of the openings has a smallest dimension. The smallest dimension is defined by
determining the diameter of the largest circle that can be completely inserted into the
opening in a front view on the opening. Considering a circular (round) opening, the
smallest dimension is the diameter, considering an oval opening, the smallest
dimension is that of the minor axis, considering a square opening, the smallest
dimension is that of one side and considering a rectangular (slot) opening, the smallest
dimension is that of the short side.

Further, in the first aspect, the smallest dimension of each of the openings in the first
area perpendicular to the axis of rotation of the fan blades is not more than a second
threshold and the smallest dimension of at least some (in one example each) of the

openings in the second area perpendicular to the axis of rotation of the fan blades is
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larger than the second threshold. Yet, the smallest dimension of the openings in the
second area should be configured so as to not allow insertion of the entire hand.

In this context, it is to be understood that different openings may be provided in each
of the first and second areas. Thus, one opening in the first area may have a different
smallest dimension than another opening in the first area. However, each smallest
dimension in the first area is not more than the second threshold.

In this aspect and by adapting the two parameters distance and smallest dimension of
the opening, the industrial standards regarding finger safety (e.g. EN 60335-1:2012)
can be met at the same time enhancing the freedom to design the grille.

In a particular example, finger safety in the first area is obtained by a first distance
and a first smallest dimension of the openings, whereas finger safety in the second area
is obtained by a second distance and a second smallest dimension of the openings. The
first smallest dimension is selected in view of the first distance from the standard (e.g.
EN 60335-1:2012) and the second smallest dimension is selected in view of the second
distance from the standard (e.g. EN 60335-1:2012). The first smallest dimension and
the second smallest dimension and the first distance and the second distance are re-
spectively different. In this connection, the minimum distance in an area is not nec-
essarily measured in a direction perpendicular to the outer surface of the grille. Rather,
in the testing procedure, if a test finger can be inserted into an opening at any angle,
the test finger must not reach the fan blades.

According to a second aspect, at least an outer surface of the grille is outwardly
curved. For example, the outer surface may be curved in at least one direction such as a
horizontal direction. Thus, the outer surface is curved from the left to the right and one
may see the curvature in a top view of the outdoor unit. In a further example, the outer
surface is continuously curved. In a further example, the outer surface may be curved
with a constant radius of curvature. Further, an inner surface of the grille may be
curved parallel to the outer surface.

According to the second aspect, the outer surface of the grille is outwardly curved.
By adequately adapting the curvature, the two parameters (distance and smallest
dimension of the opening) can be used to meet the industrial standards regarding finger
safety (e.g. EN 60335-1:2012). Thus, the freedom to design the grille is enhanced.

According to a third aspect, the position of a maximum distance of the outer surface
to the fan blades is offset relative to the axis of rotation in the horizontal curvature
direction. As previously mentioned, if the first and second areas are separated by a
straight line, more particularly a vertical straight line, the straight line does not pass the
axis of rotation in a front view.

According to the third aspect, the grille may resemble a front panel of the casing,

wherein the position of the maximum distance may be positioned in the center of the
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casing of the outdoor unit in the horizontal direction. Thus, the grille provides for an
improved outer appearance of the entire outdoor unit still fulfilling its function to meet
the standard relating to finger safety.

According to a fourth aspect, the position of the maximum distance between the fan
blades and the outer surface of the grille may be located in the second area.

In general, one would try to configure the grille so that the maximum distance is
centered to the axis of rotation and that the two areas are concentric to the axis of
rotation and to each other. Yet, if the grille is embodied to resemble a front panel of the
casing, as mentioned above and in order to enhance the overall visual appearance, the
maximum distance will be located in the second area.

According to a fifth aspect, the outer surface of the grille is flat (non-curved). To put
it differently, in a top view of the outdoor unit the outer surface of the grille is per-
pendicular to the axis of rotation of the fan blades. That is, the plane defined by the
outer surface of the grille is oriented vertically.

According to a sixth aspect, at least the smallest dimensions of the openings at least
in the first area gradually increase towards the second area.

Hence, a smooth transition may be realized so that the flow resistance does not
abruptly increase or decrease and the visual appearance is enhanced.

According to a seventh aspect, the second threshold is e.g. governed by the diameter
of a test finger resembling an adult’s finger from the age of 14 years and older. The
probe for the respective test is regulated in IEC 61032 as test probe B. The second
threshold is, hence, between 8.6mm +0.1 and 12.0mm +0/-0.05.

As a consequence, the standard for finger safety relating to an adult’s finger in the
first area is met by limiting the smallest dimension of the openings to the maximum
allowable smallest diameter given in the respective standard relating to finger safety.

In accordance with an eighth aspect, the first threshold is governed by the length of a
test finger resembling an adult’s finger from the age of 14 years and older. The probe
for the respective test is regulated in IEC 61032 as test probe B. Thus, the first
threshold is 80mm +0.2mm.

If the distance between the outer surface of the grille and the fan blades is at least
80mm #0.2mm in the second area, the smallest dimension of the openings is no longer
limited to meet the respective standard relating to finger safety as long as it is small
enough to avoid that the entire hand may be inserted.

According to a ninth aspect, the distance of the outer surface of the grille to the fan
blades in the first area is not smaller than a third threshold. The third threshold is
governed by a test finger resembling the length of a child’s finger from the age of 3
years to 14 years. The third threshold is, hence, 57.9mm +0.15mm.

As aresult, the smallest dimensions of the openings in the first area are only
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governed by the standard relating to finger safety with respect to an adult’s finger from
the age of 14 years and older.

According to an tenth aspect, the outdoor unit (the casing) is (at least in a view per-
pendicular to the grille) separated into a machine chamber and a heat exchanging area,
the heat exchanging area comprising the fan and the machine chamber comprising
components of the refrigerant circuit of the heat pump, wherein the grille has a portion
having a closed surface (without openings), the portion corresponding to the portion of
the machine chamber.

Accordingly, the grille may resemble a front panel of the casing. Thus, the grille
provides for an improved outer appearance of the entire outdoor unit requiring less
parts.

According to an eleventh aspect, the openings are formed by first horizontal ribs and
second vertical ribs extending perpendicular to the first horizontal ribs.

In this aspect, the smallest dimensions of the openings are defined by the distance
between the second vertical ribs. Thus, the distance between the second vertical ribs is
different between the first area and the second area and may even differ within the first
area and within the second area as mentioned above. To the contrary, the distance
between the first horizontal ribs may be the same in the first and the second area.

According to a twelfth aspect, the second vertical ribs comprise smaller ribs and
larger ribs, the smaller ribs being smaller in depth in the direction parallel to the axis of
rotation of the fan blades than the larger ribs.

Since the distance between the vertical ribs in the first area is different to the distance
between the vertical ribs in the second area and may even be different within the first
area and the second area, providing smaller ribs and larger ribs can be used to dilute
the appearance of differently sized openings and, thereby, improve the visual ap-
pearance of the entire outdoor unit.

According to a thirteenth aspect, the larger ribs in adjacent rows of second vertical
ribs in a vertical direction are offset to each other in the horizontal direction.

Again, and due to the offset arrangement of the larger ribs, the outer appearance of
the grille can be enhanced in that no strict geometric appearance is created, but the ar-
rangement of the respective ribs forming the openings is diluted.

According to a fourteenth aspect, the grille is arranged on a front side of the casing
and the casing has a back plate on a side opposite to the front side, the back plate being
detachable for giving access to components of the refrigerant circuit of the heat pump
accommodated in the casing.

Usually, the casing of an outdoor unit is configured so that a part of the front plate,
which may correspond to the machine chamber, is detachable. Yet, particularly if the

grille resembles the front panel of the casing also covering the portion of the machine
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chamber, one would have to detach the entire grille in order to obtain access to the
interior of the casing for maintenance purposes. In order to eliminate the need to
detach the grille for maintenance, the back plate of the casing is detachable, whereby

ease of maintenance can be maintained.
According to a fifteenth aspect, the first and second areas are defined on respective

opposite sides of a line, such as a straight line, a curved line or a zig zag line. A
particular example is a vertical line on the outer surface of the grille. In a further
variant, the first and second areas are defined by concentric rings on the outer surface
of the grille. Thus, the first and second areas may be located on the left side and right
side of a vertical line, respectively. Alternatively, the first and second areas may be
defined by concentric rings, which may be centered on the axis of rotation of the fan
blades. In case of a curved outer surface, a doughnut shaped is conceivable with the
distance of the outer surface to the fan blades in a hub portion being less than in an
adjacent area (first area) formed by two adjacent concentric rings, wherein a distance
of the outer surface to the fan blades in an area (second area) adjacent to the first area
is again smaller than that in the first area. The second area is then again defined
between the outer concentric ring defining the first area and a further concentric ring.
In another example, and with a flat outer surface, the areas may be defined by the
shape of fan blades in that a distance of the most forward edge of the fan blades facing
the grille differs in a radial direction. Thus, the areas will as well be defined by
concentric rings centered relative to the axis of rotation of the fan blades.

According to a further aspect, the grille may comprise at least two separate parts. The
parts may be mounted separately. Yet, a connection may be provided between the two
parts to guarantee the visual alignment and improve the strength.

A more complete appreciation of the present disclosure and many of the attendant ad-
vantages thereof will be readily obtained as the same becomes better understood by
reference to the following detailed description when considered in connection with the
accompanying drawings.

Brief Description of Drawings

[fig.1]Figure 1 shows a perspective view of an outdoor unit in accordance with the
present disclosure;

[fig.2A]Figure 2A shows a perspective front view of the outdoor unit of figure 1;
[fig.2B]Figure 2B shows an enlarged perspective view of a portion of figure 2A;
[fig.3A]Figure 3A shows a perspective top view of the outdoor unit of figure 1 with the
top plate of the casing being removed;

[fig.3B]Figure 3B shows a perspective top view of the outdoor unit of figure 1 with the

top plate and the bell mouth of the casing being removed;
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[fig.4]Figure 4 shows an enlarged perspective view of the grille of the outdoor unit in
figure 1;

[fig.5]Figure 5 shows a rearview of the grille of the outdoor unit in figure 1;
[fig.6]Figure 6 front view of another outdoor unit in accordance with the present
disclosure; and

[fig.7]Figure 7 shows a cross-section along a horizontal plane 7-7 of the outdoor unit
in figure 6, wherein some parts have been omitted.

Description of Embodiments

An embodiment will now be explained with reference to the drawings. It will be
apparent to those skilled in the field of heat pumps from this disclosure that the
following description of the embodiment is provided for illustration only and not for
the purpose of limiting the invention as defined by the appended claims. In addition,
the same or similar reference numerals are used when describing different examples of
the present disclosure and a repetitive description is omitted.

Figure 1 shows a perspective view of an outdoor unit 10 of a split type heat pump.
The heat pump comprises a refrigerant circuit, at least comprising a heat source heat
exchanger 30, a compressor (not visible), a heat consumer heat exchanger (not shown),
such as an indoor heat exchanger, and an expansion valve connected by refrigerant
pipes.

The shown outdoor unit 10 comprises a casing 11. The casing 11 has a bottom plate
12. Feet 13 (see figure 2A) for mounting the outdoor unit on a horizontal surface or via
brackets to a vertical wall are fixed to the bottom plate 12. Further, the casing 11 has a
top plate 14 and a side plate 15. In the shown embodiment, the side plate 15 extends
around a rearward corner of the outdoor unit 10 being connected to (integrally formed
with/forming a one piece structure with) a back plate 16 of the casing 11.

As will be best visible from figure 3A and 3B, having the top plate 14 removed, the
heat source heat exchanger 30 occupies a part of the rear side of the casing 11 and the
side of the casing 11 opposite to the side plate 15. The heat source heat exchanger 30 is
“L” - shaped in a top view.

The front side of the casing 11 is closed by a front plate 17 and a bell mouth 18. The
front plate 17 also extends around the forward corner of the casing 11 forming part of
the side of the casing 11.The bell mouth 18 defines an air flow opening 19 (see also
figure 2A). In the shown embodiment, the air flow opening 19 is circular.

Further and as best visible in figure 3A and 3B, the casing 11 is separated by a
partition wall 20 into a machine chamber 21 and an air chamber 22 (heat exchanging
area). In the shown configuration, the separation is in a horizontal direction, that is

from the left to the right, wherein the machine chamber 21 is disposed on the right and
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the air chamber 22 is disposed on the left.

The machine chamber 21 is, thus, formed by the back plate 16, the side plate 15, the
front plate 17 and the partition wall 20. The air chamber 22 is formed by the heat
source heat exchanger 30, the bell mouth 18 and the partition wall 20.

The machine chamber 21 may accommodate components of the refrigerant circuit
such as the compressor and the expansion valve and/or portions of the control of the
heat pump. In addition, the heat source heat exchanger 30 may at one end extend into
the machine chamber 21 so as to connect refrigerant pipes of the heat source heat
exchanger 30 to the remainder of the refrigerant circuit.

The casing 11 further accommodates a fan 50. The fan 50 is accommodated in the air
chamber 22. More particularly, the fan 50 is supported on the bottom plate 12 via a
support structure 51. A fan motor 52 is mounted to the support structure 51. The fan 50
further comprises a fan rotor 53 having a fan hub 54 mounted to the fan motor 52. A
plurality of fan blades 55 (in the present embodiment three) extend radially outwardly
from the fan hub 54. The fan rotor 53 and, hence, the fan blades 55 are rotatable about
an axis of rotation 56 by the fan motor 52.

The fan 50 is mounted with the axis of rotation 56 concentric to the air flow opening
19 of the bell mouth 18. Even further and as apparent from figure 3A, the bell mouth
18 has an annular rim 23 at the circumference of the air flow opening 19. The fan
blades 55 partly enter the rim 23 of the bell mouth 18.

A grille 100 is, as a fan guard, attached to the casing 11 opposite to the back plate
16/a back side of the casing 11 at a front side of the casing 11. In particular, the grille
100 is mounted to the bell mouth 18 and the front plate 17. One purpose of the grille
100 is to meet e.g. the standard EN 60335-1:2012, relating to finger safety, that is to
prevent that a finger comes into contact with the fan blades 55 of the fan 50 and con-
sequently to avoid injuries.

In the shown embodiment, an outer surface 101 of the grille 100 is outwardly curved
(see top view in figure 3A and 3B). As a result, the distance D (minimum distance)
between the fan blades 55 and the outer surface 101 of the grille 100 differs at different
locations of the outer surface 101. In particular, the distance D differs along the
horizontal direction (from the left to the right) in which the outer surface 101 is curved.

The distance D between the fan blades 55 and the outer surface 101, particularly the
minimum distance is indicated in figure 3B. In particular, the distance D is defined as
the distance of that point on the fan blades 55, which is closest to the outer surface 101
of the grille 100, to the outer surface 101 of the grille 100. Also visible from figure 3B
is that the maximum distance Dy, is offset relative to the axis of rotation 56 to the
right and, hence, situated in the area A2 (see later).

Finger safety according to the standard EN 60335-1:2012 may, on the one hand, be
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achieved by defining a sufficiently large safety distance between the outer surface 101
of the grille 100 and the fan blades 55.

Referring to figure 2A, the grille 100 is divided into a fan portion 110 covering the
fan 50 or more particularly the bell mouth 18 and a machine chamber portion 111
covering a portion of the casing 10 defining the machine chamber 21.

As shown in figure 2A and 2B as well as figure 4, the grille 100 comprises, in the fan
portion 110, at least in the area of the air flow opening 19, a plurality of openings 102.
The openings 102 allow air to flow through the grille 100 and, hence, through the heat
source heat exchanger 30. Thus, the size of the openings 102 influences the flow re-
sistance of the air flow through the grille 100. However, depending on the safety
distance between the outer surface 101 of the grille 100 and the fan blades 55, the
smallest dimension of the openings 102 is additionally limited by the standard EN
60335-1:2012 relating to finger safety.

In the particular embodiment, the outer surface 101 is particularly defined by a front
edge 103 of a plurality of parallel horizontal ribs 104 (first horizontal ribs). The
horizontal ribs 104 are equally distanced to each other and extend over the entire front
of the grille 100. Hence, one may consider the front edges 103 of the horizontal ribs
104 to be outwardly curved relative to a plane defined by the most forward point on
each of the fan blades 55.

The openings 102 are formed by a plurality of vertical ribs 105 (second vertical ribs)
extending between two adjacent horizontal ribs 104. The vertical ribs 105 also extend
substantially parallel to each other. In this context “substantially” means that due to the
curvature, a slight deviation from the parallel orientation between the vertical ribs 105
may occur. In particular, if a front edge 106 of the vertical ribs 105 is always oriented
parallel to the front edge 103 of the horizontal ribs 104, the vertical ribs 105 will not be
perfectly parallel to each other.

The vertical ribs 105 comprise smaller ribs 107 and the larger ribs 108. The smaller
ribs 107 have a smaller depth in the direction of or parallel to the direction of the axis
of rotation 56 than the larger ribs 108. Thus, the front edge 106 of the smaller ribs 107
is displaced towards the back with respect to the front edges 106 of the larger ribs 108
relative to the front edge 103 of the horizontal ribs 104. As a consequence, in some
viewing angles (see figure 4) the smaller ribs 107 are not visible, enhancing the entire
outer appearance of the grille 100 and, therefore, the outdoor unit 10.

In addition, as will be best visible from figures 2B and 4, the larger ribs 108 are in a
vertical direction not aligned. Rather, larger ribs 108 in adjacent rows in a vertical
direction are offset to each other in the horizontal direction. Thus, any strict geometric
arrangement of the ribs is diluted and the outer appearance is enhanced.

In addition and as will be apparent from particularly figures 2A and 2B, the distances
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between adjacent smaller ribs 107 are different over the entire front of the grille 100. In
one example, the distances between smaller ribs 107 between two adjacent larger ribs
108 in the horizontal direction may be the same.

To the contrary, the distances between adjacent larger ribs 108 may be the same over
the entire front of the grille 100. As the smaller ribs 107 are under certain angles not
visible as mentioned above, the outer appearance is, hence, dominated by the larger
ribs 108. Again, this has an influence on and improves the outer appearance of the
outdoor unit 10.

Generally, two requirements may be used to comply with the standard EN
60335-1:2012 for mechanical finger safety. One requirement is the (minimum) safety
distance D between the fan blades 55 and the outer surface 101 of the grille 100. The
other requirement is the maximum allowable size (smallest dimension) of the openings
of the grille. In regard of the latter, the smallest dimension of each of the openings is
relevant.

In the present embodiment, the openings are defined by the horizontal ribs 104 and
the vertical ribs 105 and are rectangular, particularly slot shaped. The smallest
dimension of the openings 102 in regard of finger safety is in the present example
defined by the distance between adjacent vertical ribs 105.

In order to test whether the outdoor unit complies with said standard, test probes as
defined in IEC 61032 are used. In particular, a test probe B as defined in IEC 61032, as
normal finger test probe (resembling fingers as of the age of 14 and older), and a test
probe 18 as defined in IEC 61032, as small finger test probe (resembling fingers as of
the age of 3 until the age of 14), are used. In the test, which is defined in the standard
EN 60335-1:2012, the test probe is pressed against the grille with a force of SN for the
normal finger probe and 2.5N for the small finger probe.

Further, in the present example, the outer surface 101 of the grille 100 is curved so
that the distance D between the fan blades 55 and the outer surface 101 of the grille
100 differs.

Accordingly, in the present embodiment, the grille 100 has in its fan portion 110 two
areas Al and A2. In the present example, the areas Al and A2 are separated by a
vertical line which may be centered on the axis of rotation 56 of the fan 50 (see figure
2A).

In the area A2, the distance D is larger than a first threshold, wherein the first
threshold represents the required safety distance for both a first group of humans, such
as humans from the age of 3 to 14 (children) and a second group of humans, such as
humans from the age of 14 and older (adults). Thus, the first threshold may be 80.0
mm (£0.2mm tolerance).

Thus, in the area A2, the size of the openings may be “freely” selected as regards the



11

WO 2020/184494 PCT/JP2020/009891

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

smallest dimension at a minimum safety distance of the first threshold. Thus, the
distance between the vertical ribs 105 is not of high relevance in the area A2 and may
be larger.

To the contrary, in the area A1, the distance D is not more than the first threshold,
but may be selected to be larger than a third threshold. The third threshold represents
the required safety distance for humans from the age of 3 to 14 (children). Thus, the
third threshold may be 57.9mm (+0.15mm tolerance).

In this case, however, the safety distance D in the area A1 is not sufficient for
humans from the age of 14 and older (adults). Accordingly, the smallest dimension of
the openings 102 must be reduced to meet the standard for finger safety.

In the present example the smallest dimension of the openings 102, even though the
smallest dimension may be different between different openings 102 in the area Al, is
selected to be not more than a second threshold. The second threshold represents the
maximum allowable smallest dimension for openings if the safety distance for humans
from the age of 14 and older (adults) is not met or not more than the first threshold.
Thus, the second threshold may be 12mm +0/-0.05.

Accordingly, in the area A1, the finger safety for both children and adults is achieved
by both the distance D (for children) and the smallest dimension of the openings 102
(for adults).

In the area A2, the finger safety for both children and adults is achieved by mainly
the distance D.

As indicated above, the distance between the vertical ribs 105 differs between the
area Al and the area A2. In order not to have an abrupt change of the distance between
adjacent vertical ribs 105 from the first area A1 to the second area A2, the distance
between adjacent vertical ribs gradually changes (increases) at least in the first area Al
towards the second area A2. Yet, according to another embodiment, the distance
between adjacent vertical ribs 105 may gradually increase over the entire fan portion
110 in the horizontal direction from the first area A1 to the second area A2, that is
from the left to the right in the present embodiment. In this context, “gradually
increase” does not necessarily mean that the distance between each and every adjacent
vertical ribs 105 needs to change. As previously mentioned, the distance between
smaller ribs 107 arranged between two adjacent larger ribs 108 may be the same. Thus,
“gradually” also encompasses that the distance between the vertical ribs changes in
groups.

As can be seen from figure 2A and figure 5, the grille 100 has in its machine
chamber portion 111 a closed surface 112 without openings 102. However, the
horizontal ribs 104 also extend into and over the machine chamber portion 111.

In addition, the grille 100 has a hub portion 109 corresponding to the fan hub 54 in
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which no or less openings 102 are provided.

Moreover, figure 5 represents that the grille 100 in the example consists of a first part
113 and a second part 114. This particularly simplifies the molding process of the
grille 100. The parts 113 and 114 are respectively connected to the casing 10. In
addition, the parts 113 and 114 may be connected to each other even though the parts
113 and 114 could also be mounted independently from each other. However,
connecting the parts 113 and 114 guarantees the visual alignment of the parts 113 and
114 and enhances the stability of the grille 100. In particular, during the finger test as
mentioned above, a force is applied when pressing the finger into the openings 102.
The grille 100 needs to withstand at least those forces.

As explained earlier, the grille 100 extends over the entire front side of the casing
and therefore resembles or represents a front panel of the outdoor unit 10. As a regular
maintenance of the outdoor unit, particularly of components within the machine
chamber 21, is required, the outdoor unit 10 needs to be configured to allow access to
the machine chamber 21. However, it may be cumbersome to each and every time
detach the entire grille 100. Thus, in order to enhance serviceability, at least the back
plate 16 (in the present example the back plate 16 and the side plate 15) is detachable
so as to give access to the machine chamber 21.

In addition, the two areas do not necessarily have to be arranged side-by-side and be
separated by a straight vertical line as in the example described above. Rather, the
areas can also be separated by non-straight lines or be defined by concentric circles.
Such an example is explained with respect to figures 6 and 7. In the following, only the
difference to the above example will be explained. Regarding features which are the
same or similar, reference is made to the above description in order to avoid repetition.

The grille 1000 shown in figures 6 and 7 is arranged on the casing 11 only in a fan
portion 1110 corresponding to the air chamber 22 and does not extend into the machine
chamber portion 1111 corresponding to the machine chamber 21.

In addition, and as best visible from figure 7, the outer surface 1101 defined by the
front edges 1103 of the annular ribs 1115 and the radial ribs 1116 is in a top view flat.
To put it differently, the outer surface 1101 extends perpendicularly to the axis of
rotation 56 of the fan blades 55. Thus, the outer surface 1101 extends vertically.

Yet, the fan blades 55 are shaped so that the distance of the most forward edge of the
fan blades 55 facing the grille 1000 differs in a radial direction. In this context, the
minimum distance Dy, between the outer surface 1101 and the most forward edge of
the fan blades 55 resides towards a radially outer circumference of the fan blades 55,
whereas the maximum distance Dy, is located towards a radially inner circumference
close to the fan hub 54.

As aresult and different to the above example, the change in distance is realized by
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the shape of the fan blades 55 rather than the curvature of the outer surface 101 of the
grille 100. Yet, both aspects may certainly be combined.

As the fan blades 55 are rotating, the areas Al and A2 are in the present example
defined by concentric rings having the diameter ®A1 and ®A2. The concentric rings
are centered on the axis of rotation 56 of the fan blades 55. To be more particular, the
first area A1l is defined between the outer ring having the diameter @Al and the inner
ring having the diameter ®A2. The second area A2 is defined by the inner ring having
the diameter ®A2 and includes the hub portion 1109.

As visible from figure 7, the first area A1 comprises the minimum distance Dyy;,
whereas the second area A2 comprises the maximum distance Dyy,,.

Moreover, the grille 1000 comprises a plurality of openings 1102 for allowing air to
pass the grille 1000. The openings 1102 are formed by a plurality of annular ribs 1115
intersecting with a plurality of radial ribs 1116. The smallest dimension of the
openings 1102 is in this example defined by the distance between adjacent annular ribs
1115. As will be apparent from the front view in figure 6, the distance between the
annular ribs 1115 is larger in the second area A2, in which the distance D of the outer
surface 1101 to the fan blades 55 is larger than in the first area A1, in which the
distance D of the outer surface 1101 to the fan blades 55 is smaller. Thus, a similar
concept as with respect to the above example is realized, but with the areas being
defined by concentric circles as explained above.

As previously mentioned, both concepts may be combined and also other features of
the first example which have not explicitly been described with respect to the present
example may be embodied such as ribs having a different depth, offsetting of ribs and
a radial increase decrease of the smallest dimension from one area to the other.

Further, it is to be understood that the present description of an embodiment is not
considered to be limiting. Rather several modifications may be realized by the skilled
person. For example, more than the two areas Al and A2 may be defined.

Further, the outer surface 101 of the grille 100 is curved in only one direction,
namely the horizontal direction. It may be curved in a different direction such as the
vertical direction and it may be curved in more than one direction such as in the
horizontal and the vertical direction.

Furthermore, the present description has been made in view of the standard EN
60335-1:2012 for finger safety. In different countries, different standards may apply so
that the thresholds given above may differ from country to country. Thus, the present
disclosure is to be understood in that the thresholds are distinguished between a first
group and a second group of humans as indicated above and not necessarily limited to
the groups as defined above and given in EN 60335-1:2012.
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Reference Signs List
10 outdoor unit
11 casing
12 bottom plate
13 feet
14 top plate
15 side plate
16 back plate
17 front plate
18 bell mouth
19 air flow opening
20 partition wall
21 machine chamber
22 air chamber
23 rim
30 heat source heat exchanger
50 fan
51 support structure
52 fan motor
53 fan rotor
54 fan hub
55 fan blade
56 axis of rotation
100, 1000 grille
101, 1101 outer surface
102, 1102 opening
103, 1103 front edge
104 horizontal rib
105 vertical rib
106 front edge
107 smaller rib
108 larger rib
109, 1109 hub portion
110, 1110 fan portion
111, 1111 machine chamber portion
112 closed surface
113 first part
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114 second part
1115 annular ribs
1116 radial ribs
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Claims

Outdoor unit (10) for a heat pump comprising a refrigerant circuit, the
outdoor unit (10) comprising:

a casing (11),

a fan (50) accommodated in the casing (11), the fan (50) having fan
blades (55) rotatable about an axis of rotation (56),

a grille (100; 1000) covering the fan blades (55),

characterized in that

the grille (100; 1000) is divided into a first area (A1) and a second area
(A2),

the first area (A1) being defined so that the distance (D) between the
fan blades (55) and an outer surface (101; 1101) of the grille (100;
1100) is not more than a first threshold, and

the second area (A2) being defined so that the distance (D) between the
fan blades (55) and the outer surface (101; 1101) of the grille (100;
1100) is larger than the first threshold,

wherein openings (102; 1102) are formed in the first (A1) and second
(A2) areas of the grille (100; 1100), a smallest dimension of each of the
openings (102; 1102) in the first area (A1) perpendicular to the axis of
rotation (56) of the fan blades (55) is not more than a second threshold
and a smallest dimension of at least some of the openings (102) in the
second area (A2) perpendicular to the axis of rotation (56) of the fan
blades (55) is larger than the second threshold.

Outdoor unit according to claim 1, wherein the outer surface (101) of
the grille (100) is outwardly curved, preferably outwardly curved at
least in a horizontal curvature direction.

Outdoor unit according to claim 2, wherein the position of a maximum
distance (D) of the outer surface (101) to the fan blades (55) is offset
relative to the axis of rotation (56) in the horizontal curvature direction.
Outdoor unit according to claim 3, wherein the second area (A2)
comprises the maximum distance (D,,,) between the fan blades (55)
and the outer surface (101) of the grille (100).

Outdoor unit according to claim 1, wherein the outer surface (1101) of
the grille (1100) is flat.

Outdoor unit according to any one of the preceding claims, wherein at
least the smallest dimensions of the openings (102; 1102) at least in the

first area (A1) gradually increase towards the second area (A2).
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Outdoor unit according to any one of the preceding claims, wherein the
second threshold is 12.0mm +0/-0.05mm.

Outdoor unit according to any one of the preceding claims, wherein the
first threshold is 80.0mm +0.2mm.

Outdoor unit according to any one of the preceding claims, wherein the
distance (D) of the outer surface (101; 1101) of the grille (100; 1100) to
the fan blades (55) in the first area (A1) is not smaller than a third
threshold, the third threshold is 57.9mm +0.15mm.

Outdoor unit according to any one of the preceding claims, wherein the
casing (11) is in a view perpendicular to the grille (100) separated into
a machine chamber (21) and a heat exchanging area (22), the heat ex-
changing area comprising the fan (50) and the machine chamber (21)
comprising components of the refrigerant circuit of the heat pump,
wherein the grille (100) has a portion (111) having a closed surface
(112), the portion (111) corresponding to the portion of the machine
chamber (21).

Outdoor unit according to any one of the preceding claims, wherein the
openings (102) are formed by first horizontal ribs (104) and second
vertical ribs (105) extending perpendicular to the first horizontal ribs
(104).

Outdoor unit according to claim 11, wherein the second vertical ribs
(105) comprise smaller ribs (107) and larger ribs (108), the smaller ribs
(107) being smaller in depth in the direction parallel to the axis of
rotation (56) of the fan blades (55) than the larger ribs (108).

Outdoor unit according to claim 12, wherein the larger ribs (108) in
adjacent rows of second vertical ribs (105) in a vertical direction are
offset to each other in the horizontal direction.

Outdoor unit according to any one of the preceding claims, wherein the
grille (100; 1100) is arranged on a front side of the casing (11) and the
casing (11) has a back plate (16) on a side opposite to the front side, the
back plate (16) being detachable for giving access to components of the
refrigerant circuit of the heat pump accommodated in the casing (11).
Outdoor unit according to any one of the preceding claims, wherein the
first and second area (A1, A2) are defined on respective opposite sides
of a line, particularly a vertical line on the outer surface (101) of the
grille (100) or by concentric rings on the outer surface (1101) of the
grille (1100).
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