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(54) CAP ELEMENT WITH BUFFER CHANNELS

(57)  Cap element (1) for a heating device (2), the
heating device (2) including a water tank (3) located in a
casing (4), wherein the cap element (1) is placeable in
or on the casing (4) for closing said casing (4), the cap
element (1) comprising:

at least a buffer channel (5) extending through the cap
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element (1) from a first surface (10) to a second surface
(11)of the cap element (1), the second surface (11) facing
the water tank (3), wherein the buffer channel (5) has a
volume in the range between 0,5 cm3 to 20 cm3, in par-
ticular 0,5 cm?3 to 12 cm3, in particular 1 cm3 to 8 cm3.
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Description

[0001] The invention relates to a cap element for a
heating device and to a heating device system compris-
ing said cap element. Also, the invention relates to a use
of said cap element in a heating device system.

[0002] A heating device like a heat pump is a device
able to warm a closed space of a building or to warm
domestic hot water by transferring thermal energy from
asource to another. An air-source heat pump water heat-
er is a device using the heat pump technology to use
energy from air to heat the domestic water contained in
a tank.

[0003] A hot water tank for the production of hot water
for heating or domestic hot water is composed of two
main elements: a tank and a thermal insulation. The ther-
mal insulation is usually achieved by one of two means:
the installation of parts around the tank (adhesive foam
parts, adhesive insulation etc.) or the injection of insulat-
ing foam into an outer casing. Insulating foam injection
is achieved by injecting chemical components that react
together via a chemical reaction. This chemical reaction
causes the solid produced to expand to such an extent
that the volume of foam obtained is much greater than
the volume of the components injected separately.
[0004] The injection process is a complex one and
many factors create variability in the volume required and
the volume injected, i.e., tank geometry tolerance, casing
geometry tolerance, ambient air temperature, tempera-
ture of the chemical components of the insulation, con-
centration of the components, nature of the components,
precision of the injection machine, etc.

[0005] As a result, the product can end up with a lack
ofinsulating foam (reduced thermal performance and de-
formation of the casing) or an excess of insulating foam
(aesthetic degradation and constraint for the assembly
of the other components). The mastery of the insulation
injection process is therefore a major element that allows
the production of a high-performance and functional de-
vice.

[0006] Atpresent, this control requires a significant fol-
low-up in production and it is commonly used to carry out
an over-injection and to remove by a mechanical action
the overflow of foam.

[0007] When water heaters are thermally insulated by
injecting foam insulation between the casing and the
tank, generally the cap at the top of the casing is provided
with several vents. The vents serve to evacuate the gases
produced during the chemical reaction of the insulating
foam. In general, several vents are provided (two to six-
teen in general) and are positioned in a distributed way
on the high points of the injected zone. They are made
by small diameter holes (generally in the order of 1 to 3
mm) in the thin cap (generally in the order of 1 to 2.5
mm). Even with a mastered industrial process, it is em-
pirically identified that the variability of the various ele-
ments is generally between 2 cm3 and 30 cm3. In order
to avoid a lack of thermal performance and deformation

10

15

20

25

30

35

40

45

50

55

of the case, it is accepted that the products are over-
injected and the excess material is removed when it is
too large.

[0008] It is therefore desirable to obtain a way to effi-
ciently thermally isolate the water tank with foam injection
without the necessity of follow-up in the production.
[0009] Theobjectissolved by acap element foraheat-
ing device, the heating device including a water tank lo-
cated in a casing, wherein the cap element is placeable
in oron the casing for closing said casing, the cap element
comprising:

at least a buffer channel extending through a cap element
material from a first surface to a second surface of the
cap element, the second surface facing the water tank,
wherein the buffer channel (5) has a volume in the range
between 0,5 cm3 to 20 cm3, in particular 0,5 cm3 to 12
cm3, in particular 2 cm3 to 8 cm3.

[0010] The cap element can be a top element of the
casing or can be any other closing element located for
example at the base or at the side of the casing. In par-
ticular, the cap element can be the aesthetic top cap of
a product or the base of other components, in particular
the base of a heat pump in the case of a water heater. It
is noted that in case the cap element is not located on
the top of the casing but for example at the base, the
product can be assembled (at least partially) upside
down. In that case, the buffer channel will be at the top
during insulation phase but at the bottom in its installation
position.

[0011] Advantageously, the buffer channel in the cap
element allows to buffer and compensate for injection
volume differences when insulating the water tank with
a specific material, such as foam. The excess of insulat-
ing material can be received by the buffer channel by
entering the inlet opening that is located on the surface
of the cap element facing the water tank, i.e. the surface
facing the internal space of the casing that is filled with
the insulating material. In particular, compared to the pri-
or art vents present in the top cap of the casing used for
gas escaping, the dimension of the cross sectional area
of the buffer channel allows a collection of a great amount
of excess of insulating material, thereby avoiding the
problem related to a refinement of foam due to over-in-
jection.

[0012] The buffer channel can be advantageously in-
tegrated into moulded parts, particularly for injected or
expanded parts of the cap element. The dimensions are
compatible with the injection moulding tools. Thanks to
the presence of these buffer channels, the presence of
foam balls is avoided on the aesthetic or functional parts
of the outer part of the cap element, thereby also avoiding
production rejects.

[0013] Accordingto anexample, across sectional area
of the buffer channel is greater than 10 mm?2 and in par-
ticular ranges between 10 mm2 and 115 mm?2. the inlet
opening is circular having a diameter comprised between
3 and 13 mm, preferably between 11 mm and 13 mm, in
particular 12 mm. This dimension is sensibly larger than
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the dimensions of the inlet openings of prior art vents. In
particular, the dimension on the inlet opening of the buffer
channel is almost 4 times bigger than that of prior art
vents. As a matter of fact, prior art vents are basically
used for gas discharge. Even if in principle a quantity of
insulating material could be pushed into the prior art vents
during the foam injection, this quantity would be very lim-
ited and would not help to eliminate the problem related
to a refinement of foam due to over-injection. In addition,
the typical density of the insulating material, such as
foam, would prevent a smooth passage of the insulating
material into a small inlet opening, such as that of prior
art vents.

[0014] The inlet opening can have a different shape.
For example, the inlet opening can have a polygonal
shape, an elliptical shape or any shape suitable for re-
ceiving the insulation material. In particular, the cross
sectional area can be comprised between 90 mm?2 and
135 mm2, in particular 115 mm?2,

[0015] Inanotherexample,the buffer channel compris-
es an outlet opening located on the first surface for vent-
ing gases produced in a space between the water tank
and the casing upon generation of an insulating material
in said space. In other words, the outlet openingis located
on the surface of the cap element material facing outside
the casing. Accordingly, the buffer channel acts both as
a vent during the curing of the foam and as a buffer zone
to compensate for excess foam.

[0016] In addition, the buffer channel allows a visual
control of the injection by looking at the outside of the
channel. Also, it ensures a good venting of the product
during the chemical reaction of polymerisation. In addi-
tion, thanks to the size of the cross section of the channel,
it is possible to check the fulfilling of the product thanks
to an indicating tool, for example a graduated needle that
indicates the level of foam filling.

[0017] In one example, the outlet opening is circular
having a diameter comprised between 3and 10 mm, pref-
erably between 8 mm and 10 mm, in particular 9 mm.
The outlet opening can have a different shape. For ex-
ample, the outlet opening can have a polygonal shape,
an elliptical shape or any shape suitable for discharging
gas. In particular, the cross sectional area can be com-
prised between 50 mm2 and 80 mm?2, in particular 65
mm2,

[0018] In another example, the inlet opening is larger
than the outlet opening. Due to the different functions of
the openings, the inlet opening being suitable for receiv-
ing the insulation material (and also the gas produced in
the casing) and the outlet opening being essentially suit-
ably only for discharging the gas, it is important that the
inlet opening be larger than the outlet opening. In this
way, a great quantity of excess of insulation material can
pass through the inlet opening and eventually be buffered
inside the channel without exiting the outlet opening.
[0019] Inanadditional example, the bufferchannel has
a circular cross-section, The absence of corners or cav-
ities inside the channels can favour the insertion of the
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insulating material.

[0020] In order to avoid hindrances for buffering the
insulating material in the channel, the buffer channel ex-
tends linearly from the first surface to the second surface
of the cap element material. In other words, the channel
extends straight without deviations passing through the
cap element. However, to increase the buffering volume
of the channel, the channel can be provided with one or
more internal corners.

[0021] Inanotherexample, the buffer channel compris-
es aninlet portion, an outlet portion, and a central portion
arranged between the inlet portion and the outlet portion,
wherein the cross- section from the inlet portion to the
outlet portion through the buffer channel is variable. This
particular configuration allows a more efficient use of the
buffer channel. As a matter of fact, a variable cross-sec-
tion, for example a reduction of the cross-section passing
from the inlet opening to the outlet opening ensures that
the insulating material, when inserted into the channel
from the inlet opening and proceeding through the chan-
nel, is subjected to an increased surface force derived
from the internal walls of the buffer channel so that move-
ment of the insulating material through the channel is
progressively slowed down until it stops inside the chan-
nel without exiting the outlet opening. The inlet portion is
formed as an indentation in the cap element material.
Likewise, the outlet portion is formed as an indentation
in the cap element material. The central portion fluidically
connects the inlet portion with the outlet portion.

[0022] The cross-section of the central portion can be
smaller than the cross-section of the inlet portion and/or
the cross- section of the outlet portion. In particular, the
cross-section of the central portion can be smaller along
its extension, in particular along its full extension, along
a length axis of a heating device when the cap element
is placed on the heating device than the cross-section of
the inlet portion and/or the cross-section of the outlet por-
tion.

[0023] Inparticular, the inlet portion can have a funnel-
shaped structure, the outlet portion can have a funnel-
shaped structure and the central portion can have a cy-
lindrical-shaped structure. This particular funnel-shaped
or conical structure of the inlet portion has the advantage
of facilitating the guiding of the insulating material. Sim-
ilarly, the particular funnel-shaped or conical structure of
the outlet portion has the advantage of facilitating the gas
discharge.

[0024] In an example, in the direction from the inlet
portion to the outlet portion, the cross-section of the buffer
channel decreases in the inlet portion, is constant in the
central portion, and increases in the outlet portion.
[0025] In an further example, the inlet portion is longer
than the outlet portion. In this way, the insulating material
can easily be buffered in the inlet portion.

[0026] In an additional example, the cap element can
comprises at least two buffer channels, wherein the at
least two buffer channels have a total volume of at least
2 cm3, in particular at least 4 cm3. A total volume of all
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buffer channels (5) of the cap element (1) canbe between
0.5 cm3 to 300 cm3, in particular 1 cm3 to 300 cm3. This
particular volume of the buffer channels ensures the cor-
rect filling of insulating foam in a product. It avoids any
mechanical control or rework action to remove the insu-
lating foam overflow as long as the overflow is within the
range compatible with the chosen definition.

[0027] Inanother example, in order to evenly distribute
the pressure exerted by the insulating material on the
cap element, the cap element can comprise a plurality
buffer channels, the plurality of buffer channels being
evenly distributed in the cap element.

[0028] Inanotheraspect of the invention, a heating de-
vice, in particular a heat pump water heater, is provided,
the heating device comprising:

a casing;

a water tank located in the casing;

an inventive cap element, the cap element being
placeable in or on the casing for closing the casing,
and

an insulating element arranged in a space between
the water tank and the casing.

[0029] Asdiscussed above the cap elementcomprises
at least a buffer channel, in particular having a cross sec-
tional area of the buffer channel greater than 10 mm?2
and in particular ranging between 10 mm2 and 115 mm?2
and having an inlet opening configured to receive excess
of insulating material coming from the space upon gen-
eration of said insulating material in said space.

[0030] In a further aspect of the invention, a use of the
inventive cap element is provided. The inventive cap el-
ement is used in a heating device, in particular a heat
pump water heater.

[0031] Inthefigures, the subject-matter ofthe invention
is schematically shown, wherein identical or similarly act-
ing elements are usually provided with the same refer-
ence signs.
Figures 1A-C  show a schematic representation of a
heating device system according to an
example.

Figures 2A-B  show a perspective view of the cap el-
ement and its cross section according
to an example.

Figures 3A-B  show a schematic representation of the
maximum volume of foam stuck in the
channel (A) as well as the buffer chan-
nel (B) according to an example.

[0032] Figures 1A-1C illustrate a heating device sys-
tem comprising a heating device 2. The heating device
2, in particular an insulated heat pump water heater, has
a heat pump 16 located on the top of a casing 4 and a
water tank 3 located inside the casing 4 below the heat

10

15

20

25

30

35

40

45

50

55

pump 16. In particular, the heat pump 16 is supported by
a cap element 1 of the heating device system wherein
the cap element 1 serves as top closing element of the
casing 4. In particular, the heat pump components are
arranged on the cap element 1, in particular on a cap
element material 19 of the cap element 1. As shown in
figure 1A, the device 2 can be provided with an external
cap 17 coupable with the casing 4 to cover the heat pump
16. Figure 1B is a cross section of figure 1A and figure
1C is a cross section of figure 1A without the heat pump
16 located on the cap element 1.

[0033] The insulated heat pump water heater 2 has a
water tank 3 located in the casing assembly 4 and an
insulating material 7 injected in the space 8 between the
tank 3 and the casing 4. The casing assembly 4 consists
of at least a top, a bottom and a periphery, the positions
being at the time of the injection station of an insulating
material (e.g. foam) 7. The upper part of the casing 4 is
provided with a cap element 1 incorporating at least two
buffer channels 5 (not shown in the figure). The buffer
channels 5 act as vents to allow gas to escape during
the polymerisation reaction of the insulation and as buffer
regions to compensate for excess foam. The buffer chan-
nels 5 have aninlet opening 6 on the injection side (upper
portion 12 of the tank 3) and an outlet opening on the
other side of the top of the casing 4. When the insulating
material 7 fills the space 8 between the water tank 3 and
the casing 4, the excess of insulating material 7 can be
received by the buffer channels 5 through the inlet open-
ing 6. A detailed description of the structure of the buffer
channel 5 is shown in figures 2A-2B as well as in figures
3A-3B.

[0034] Figure 2A shows a perspective top view of the
cap element 1. The cap element 1 has a first surface 10
and a second surface 11. Itis noted that this cap element
1, on the first surface 10, is the support for a heat pump
16. As a matter of fact, a dedicated seat for the heat
exchanger and a dedicated seat for the fan element 18
are provided on the first surface 10.

[0035] The cap element 1 comprises a plurality of buff-
er channels 5. Figure 2A shows the presence of seven
buffer channels 5. These channels 5 are through-holes
extending from the first surface 10 to the second surface
11 of the cap element material 19. The buffer channels
5 are basically distributed on the edge of the cap element
5. However, some of the buffer channels 5 are also pro-
vided in other locations, for example close to the seat of
the fan element 18.

[0036] Figure 2B illustrates a cross section of the cap
element 1 of figure 2A along the line A-A. As shown in
this figure, the buffer channels 5 (encircled in the figure)
provide a passage through portions of the cap element
material 19 from the second surface 11 to the first surface
10.

[0037] Figures 3A and 3B illustrate in detail the shape
of the maximum insulating material 7 stuck in the buffer
channel 5 (Fig. 3A) and the shape of a buffer channel 5
present in a cap element 1 (Fig. 3B). The channel 5 has
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a longitudinal structure comprising an inlet portion 13,
the inlet portion 13 being provided with a circular inlet
opening 6, an outlet portion 14, the outlet portion 14 being
provided with a circular outlet opening 9, and a central
portion 15 connecting the inlet portion 13 to the outlet
portion 14. The portions of the buffer channel 5 are shown
with reference to figure 3A for clarity reasons.

[0038] The central portion 15 has a cylindrical shape,
whereas both the inlet portion 1 and the outlet portion 14
have a conical orfunnel-like shape. Itis noted that circular
inlet opening 6 has a larger diameter than the circular
outlet opening 9 and that the funnel-shape structure of
the inlet portion 13 is oriented opposite to the funnel-
shape structure of the outlet portion 14. In other words,
the cross section at the outlet opening 9 is larger than
the cross section at the corresponding conjunction point
with the central portion 15 and the cross section at the
inlet opening 6 is larger than the cross section at the
corresponding conjunction point with the central portion
15. The inlet portion 13 is longer that the outlet portion
14, in particular, the inlet portion 13 can be six times
longer than the outlet portion 14. For example, the inlet
portion 13 can have a length comprised between 14 mm
and 16 mm, in particular 15 mm, whereas the outlet por-
tion 14 can have a length comprised between 2 mm and
3 mm, in particular 2.5 mm. The particular relationship
between dimensions of the inlet portion 13 and the outlet
portion 14 makes the buffer channel 5 more efficient in
buffering insulating material 7. On the other hand, the
central portion 15 can have a length comprised between
22 mm and 23 mm, in particular 22.5 mm. Accordingly,
the total length of the buffer channel 5 can be comprised
between 38mm and 42 mm, in particular 40 mm. In order
to improve the efficacy of the buffer channel 5 for dis-
charging gas, the ratio between the length of the central
portion 15 and the total length of the channel 5 is com-
prised between 0.55 and 0.57, in particular 0.56. In other
words, more than half of the total length of the buffer
channel 5 is constituted by the central portion 15.
[0039] Figure 3Biillustrates the functioning of the buffer
channel 5 as gas vent and as buffer volume. As sche-
matically shown in figure 3B, the buffer channel 5 is lo-
cated between thefirst surface 10 and the second surface
11 of the cap element 1, thereby forming a straight
through-channel. The inlet opening 6 is located on the
second surface 11 facing the water tank 3, in particular
the upper portion 12 of the tank 3. The outlet opening 9
is located on the first surface 10 opposite the second
surface 11 and facing outside the casing 4. When forming
the insulating material 7, gas is produced in the space 8
betweenthe casing4 and the tank 3. The gasisillustrated
in the figure with dashed arrows. Thanks to the presence
of the buffer channel 5, the gas can easily be discharged
outside passing from the inlet opening 6, through the inlet
portion 13, the central portion 15, the outlet portion 14,
and exiting the outlet opening 9. Once the insulating ma-
terial 7 reaches the top of the casing 4, the excess of
insulating material 7 can be received by the buffer chan-
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nel 5, in particular by the inlet portion 13 of the buffer
channel 5. In this way, excess of insulating material 7 is
buffered in the channel 5, thereby avoiding the problem
related to a refinement of foam due to over-injection. It
is noted that the presence of aninlet opening 6 and outlet
opening 9 along a straight longitudinal structure allows
visible accessibility from outside for inspection inside the
casing 4 as well as the possibility of inserting an indicating
tool for checking the fulfilling of the product.

[0040] Each of the buffer channels 5 discussed above
has a volume in the range between 0,5 cm3 to 20 cm3,
in particular 0,5 cm3 to 12 cm3, in particular 1 cm3 to 8
cm3 for receiving foam.

Reference Signs
[0041]

Cap element
Heating device
Water tank

Casing

Buffer channel

Inlet opening
Insulating material
Space

9 Outlet opening

10  First surface

11 Second surface

12 Upper portion of the tank
13 Inlet portion

14 Outlet portion

15  Central portion

16  Heat pump

17  External cap

18  Seat for fan element
19  cap element material

0 ~NO O WN -

Claims

1. Cap element (1) for a heating device (2), the heating
device (2) including a water tank (3) located in a cas-
ing (4), wherein the cap element (1) is placeable in
or on the casing (4) for closing said casing (4), the
cap element (1) comprising:
at least a buffer channel (5) extending through a cap
element material (19) from a first surface (10) to a
second surface (11) of the cap element material (19),
the second surface (11) facing the water tank (3),
wherein the buffer channel (5) has a volume in the
range between 0,5 cm3 to 20 cm3, in particular 0,5
cm3 to 12 cm3, in particular 1 cm3 to 8 cm3.

2. Capelement(1)accordingtoclaim 1, characterized
in that

a. a cross sectional area of the buffer channel
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(5) is greater than 10 mm?2, in particular ranges
between 10 mm?2 and 115 mmZ2 and/or in that
b. an inlet opening (6) of the buffer channel (5)
is circular having a diameter comprised between
3 and 13 mm, preferably between 11 mm and
13 mm, in particular 12 mm.

Cap element (1) according to any one of claims 1 to
2, characterized in that the buffer channel (5) com-
prises an outlet opening (9) located on the first sur-
face (10) for venting gases produced in a space (8)
between the water tank (3) and the casing (4) upon
generation of an insulating material (7) in said space

(8).

Cap element (1) according to claim 3, characterized
in that the outlet opening is circular having a diam-
eter comprised between 3 and 10 mm, preferably
between 8 mm and 10 mm, in particular 9 mm.

Cap element (1) according to any one of claims 3 to
4,characterizedin that the inletopening (6)is larger
than the outlet opening (9).

Cap element (1) according to any one of claims 1 to
5, characterized in that the buffer channel (5) has
a circular cross-section.

Cap element (1) according to any one of claims 1 to
6, characterized in that the buffer channel (5) ex-
tends linearly from the first surface (10) to the second
surface (11) of the cap element (1).

Cap element (1) according to any one of claims 1 to
7, characterized in that the buffer channel (5) com-
prises an inlet portion (13), an outlet portion (14),
and a central portion (15) arranged between the inlet
portion (13) and the outlet portion (14), wherein

a. the cross- section from the inlet portion (13)
to the outlet portion (14) through the buffer chan-
nel (1) is variable and/or wherein

b. the cross- section from the central portion
(15) .is smaller than the cross-section of the inlet
portion (13) and/or the cross- section of the out-
let portion (14).

9. Capelement(1)according to claim 8, characterized

in that

a. the inlet portion (13) has a funnel-shaped
structure; and/or
b. the outlet portion (14) has a funnel-shaped
structure; and/or
c. the central portion (15) has a cylindrical-
shaped structure.

10. Cap element (1) according to any one of claims 8 to
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1.

12.

13.

14.

15.

9, characterized in that, in the direction from the
inlet portion (13) to the outlet portion (14), the cross-
section of the buffer channel (1) decreases in the
inlet portion (13), is constant in the central portion
(15), and increases in the outlet portion (14).

Cap element (1) according to any one of claims 8 to
10, characterized in that the inlet portion (13) is
longer than the outlet portion (14).

Cap element (1) according to any one of claims 1 to
11, characterized in that

a. the cap element (1) comprises at least two
buffer channels (5), in particular atleastfive buff-
er channels (5), wherein the buffer channels (5)
have a total volume of atleast 2 cm3, in particular
at least 4 cm3 and/or in that

b. a total volume of all buffer channels (5) of the
cap element (1) is between 0.5 cm3 to 300 cm3,
in particular 1 cm3 to 300 cm3.

Cap element (1) according to any one of claims 1 to
12, characterized in that the cap element (1) com-
prises a plurality buffer channels (5), the plurality of
buffer channels (5) being evenly distributed in the
cap element (1).

Heating device system with
a heating device (2), in particular a heat pump water
heater, comprising:

a casing (4);

a water tank (3) located in the casing (4) and
an insulating element (7) arranged in a space
(8) between the water tank (3) and

the casing (4), wherein the heating device sys-
tem further comprises a cap element (1) accord-
ing to any one of claims 1 to 13, the cap element
being placeable in or on the casing (4) for closing
said casing (4).

Use of the cap element (1) according to one of clams
1to 13 in a heating device, in particular a heat pump
water heater.
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