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(54) Cross flow induction ceiling convector

(57) The present invention concerns a ceiling con-
vector (1) which is used as an internal unit of an air con-
ditioning system and is suitable for delivering cooled or
heated air. More in particular, the ceiling convector of the
present invention uses the cross flow induction principle
wherein at least two primary air flows (13) are directed
towards each other or cross each other as a result of
which an increased secondary air flow (15) is created by
induction which is conducted from the room along an
heat exchanger (9) and is mixed with the primary air
flows.
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Description

Technical field

�[0001] The present invention concerns a ceiling con-
vector for delivering cooled or heated air. More in partic-
ular, the ceiling convector uses a cross flow principle as
a result of which the efficiency and the cooling and heat-
ing capacity of the ceiling convector is enhanced.

Background of the invention

�[0002] According to the prior art, a large number of
systems are known which are suitable for regulating the
air in a room. Such climate regulation or air conditioning
is regulated by a device which is able to maintain the
temperature and humidity of the air in the room at a com-
fortable level. The air may also be purified by applying a
filter system.
�[0003] The principle of climate regulation generally in-
volves an air flow transported through a heat exchanger.
This heat exchanger is used to cool down or warm up
the air flow. By directing the air flow transported through
the heat exchanger into the room, the temperature and
humidity of the air in the room can be accurately regulat-
ed.
�[0004] An air conditioner generally consists of two
units. A separate external unit located outside ensures
that the coolant in the heat exchanger is cooled down.
The internal unit in the room ensures cooling or heating
the air in the room. With other devices consisting only of
one single internal unit, the warm and humid air is trans-
ported to the outdoors.
�[0005] The present invention concerns a ceiling con-
vector, which can be used as internal unit of an air con-
ditioning system. A ceiling convector is mounted in or at
a ceiling of a room and may deliver either cooled or heat-
ed air. A ceiling convector usually comprises a housing
in which a heat exchanger is mounted for the treatment
(cooling or heating) of said air, an outflow opening, as
well as driving means for generating a flow of air via the
heat exchanger to the outflow opening.
�[0006] The air in the room under the ceiling is sucked
in via the heat exchanger, and subsequently delivered in
a cooled or heated state. The direction of the air flowing
out of the outflow opening can be adapted such that,
when cooling the room, the outflowing air sweeps along
the ceiling and, as a result of the Coanda-�effect, also
continues to follow the ceiling over a longer distance.
While when heating, the outflowing air may be directed
downward.
�[0007] However, the problem which occurs mostly with
traditional air conditioning systems is that they consume
a lot of energy while their capacity is not fully exploited.
Hence, the efficiency of the traditional air conditioning
systems is too low. On the one hand, modifications to
the external unit may increase the efficiency, but on the
other hand, the internal unit may also be modified as

such.
�[0008] The present invention concerns a ceiling con-
vector as described above, characterized by an improved
efficiency and an increased capacity. For this, the ceiling
convector of the present invention uses a cross flow of
the primary air flows. By allowing the primary air flows to
cross each other, the induced air flow which flows through
the heat exchanger increases. Because of this, the heat
exchanger is exploited more efficiently and the capacity
of the ceiling convector is increased.

Summary of the invention

�[0009] The present invention concerns a ceiling con-
vector used as an internal unit of an air conditioning sys-
tem. The ceiling convector is mounted in or at a ceiling
of a room and may deliver either cooled or heated air and
comprises a housing in which an heat exchanger is
mounted for treating said air, an outflow opening as well
as driving means for generating the flow of air through
the outflow opening.
�[0010] The inventors have found that - when the pri-
mary air flows are crossed - an improved flow through
the heat exchanger is created. Whereas traditional ceil-
ing convectors use parallel or opposite directed primary
air flows to suck in the secondary cooled air, the inventors
have found that directing towards each other and cross-
ing the air flows offers a number of advantages with re-
spect to the ceiling convectors known in the prior art.
�[0011] The air flows which are expelled by the ceiling
convector, have an air suction effect that is known as the
induction principle. This way a secondary air flow is
sucked in from the room by the induction in the ceiling
convector. When said secondary air enters the ceiling
convector, the secondary air flow is transported along a
heat exchanger and is either cooled down or heated up,
depending on the intended function of the ceiling con-
vector. Subsequently, the cooled or heated secondary
air is mixed in the induction area with primary air flows
upon which the cooled or heated air is reintroduced into
the room.
�[0012] Since the outflowing air flows in a traditional
ceiling convector are directed in opposite directions, only
a limited induction effect is created, therefore in some
cases it is necessary to provide for extra driving means
for sucking in the secondary air from the room through
the heat exchanger. Surprisingly, the inventors have
found that when the primary air flows are directed towards
each other or are crossed, an improved induction effect
arises which makes the use of extra driving means su-
perfluous and which ensures a more efficient use of the
heat exchanger.
�[0013] It appears that with an equal amount of primary
air flow, a larger amount of secondary air is sucked in
and that the total amount of air blown into the room pro-
duces a larger net amount. As a result, more secondary
air is transported over the heat exchanger, and a higher
cooling and heating capacity is achieved. Because of
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this, for the cooling or heating of the same room a smaller
cross flow induction ceiling convector will be required, in
comparison with a traditional ceiling convector.
�[0014] Hence, the present invention provides a ceiling
convector for delivering cooled or heated air, character-
ized in that the ceiling convector makes use of the cross
flow induction principle.
�[0015] With the cross flow induction principle is meant
that the ceiling convector has at least two primary air
flows directed towards each other or which cross each
other, as a result of which an increased secondary air
flow is created by induction, which is transported from
the room along a heat exchanger and is mixed with the
primary air flows. The mixed air flow is subsequently
transported into the room.
�[0016] More specifically, the ceiling convector is char-
acterized by the fact that the primary air flows cross each
other at an angle (50) ranging between 10° and 170°,
preferably ranging between 120° and 170°, preferably
ranging between 135° and 160° and in particular prefer-
ably ranging between 140° and 150°. Most preferably,
the angle (50) at which the primary air flows cross each
other is 135°, 136°, 137°, 138°, 139°, 140°, 141°, 142°,
143°, 144°, 145°, 146°, 147°, 148°, 149°, 150°, 151°,
152°, 153°, 154°, 155°, 156°, 157°, 158°, 159° or 160°.
�[0017] The present invention further provides a ceiling
convector for delivering cooled or heated air, comprising: �

(a) an heat exchanger for treating said air related to
the cooling or heating thereof,

(b) at least two outflow openings, and,

(c) at least two opposite orifices for generating an
airflow air towards the outflow openings (17),

characterised in that at least two opposite orifices are
directed towards each other.
�[0018] More in particular, the present invention pro-
vides a ceiling convector (1) for delivering cooled or heat-
ed air, comprising:�

(a) an heat exchanger (9) for treating said air related
to the cooling or heating thereof,

(b) at least two outflow openings (17),

(c) at least two opposite orifices directed towards
each other (8) for generating an air flow towards the
outflow opening (17),

characterised in that the primary air flows (13) gener-
ated by the opposite orifices (8), directed towards each
other, cross each other in the mixing chamber (14).
�[0019] The different elements of the ceiling convector
may be comprised in a housing which may be mounted
in or at a ceiling of a room.
�[0020] The ceiling convector provides at least, but is

not limited to, two outflow openings. In a particular em-
bodiment, the ceiling convector of the present invention
provides 2, 3, 4, 6, 8, 10 or more outflow openings. In
particular, the ceiling convector provides two or four out-
flow openings.
�[0021] The ceiling convector provides at least, but is
not limited to, two opposite orifices. In a particular em-
bodiment, the ceiling convector of the present invention
provides 2, 3, 4, 5, 6, 8, 10 or more orifices of which at
least 2 opposite orifices are directed towards each other.
�[0022] With opposite orifices is meant that at least two
orifices are mounted opposite each other such that they
may be directed towards each other.
�[0023] Also, the driving means for generating the air
flow through the orifices may be configured in a large
number of ways, such as with ventilators and the like.
�[0024] In a specific embodiment, the ceiling convector
is characterized by two opposite orifices directed towards
each and two outflow openings.
�[0025] By directing towards each other the opposite
orifices it is meant that the air flows which are transported
through the opposite orifices, flow towards each other
and entirely, partially or not at all mix with each other. In
a particular embodiment, the ceiling convector according
to the present invention provides an overlap of the air
flows generated by the opposite orifices, between 0%
and 100% at the location where the air flows cross each
other, � and preferably between 0% and 50%, and more
preferably between 0% and 20% at the location where
the air flows cross each other. Preferably, there is no
overlap between air flows crossing each other.
�[0026] By directing the orifices towards each other, the
air flows from said orifices are going to cross each other
in an opposite direction. This provides for extra turbu-
lence in the area where the air flows cross each other,
which further ensures a better and faster mixing of the
primary air flows with the secondary air flows. By this
additional effect, the induction effect increases, which
provides in itself for an increased capacity of the ceiling
convector.
�[0027] According to a more detailed embodiment, the
ceiling convector is characterized in that the orifices
are grouped in at least, but not limited to, two opposite
rows of orifices directed towards each other. Each row
comprises at least, but is not limited to, one orifice, pref-
erably two orifices, and most preferably four orifices. A
row may comprise 1, 2, 3, 4, 5, 6 and more orifices.
�[0028] In a specifically preferred embodiment, the ceil-
ing convector comprises two opposite rows of orifices
directed towards each other, wherein the two rows run
parallel with each other. In a further embodiment, the
ceiling convector comprises three rows of orifices direct-
ed towards each other, wherein the three rows form a
triangle. In a still further embodiment, the ceiling convec-
tor comprises four rows of orifices directed towards each
other, wherein the four rows form a square.
�[0029] In a more detailed embodiment, the ceiling con-
vector is characterized in that the centre lines of the
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opposite orifices form an angle (50) between 10° and
170°, preferably ranging between 120° and 170°, prefer-
ably ranging between 135° and 160° and in particular
preferably ranging between 140° and 150°. Most prefer-
ably, the angle (50) at which the primary air flows cross
each other preferably is 135°, 136°, 137°, 138°, 139°,
140°, 141°, 142°, 143°, 144°, 145°, 146°, 147°, 148°,
149°, 150°, 151°, 152°, 153°, 154°, 155°, 156°, 157°,
158°, 159° or 160°.
�[0030] In a more detailed embodiment, the ceiling con-
vector is characterized in that the opposite orifices are
positioned crossed with respect to each other.
�[0031] With a crossed positioning of the opposite ori-
fices is meant that the opposite orifices are not positioned
directly opposite each other, but that the position of the
opposite orifices is staggered. Because of this, the air
flows which are directed through the opposite orifices,
will flows towards each other and will cross each other
in an opposite direction. When the opposite orifices are
staggered with respect to each other, the air flows will
not touch each other, or only partially and consequently
not or only partially mix with each other. Crossing ensures
that extra turbulence is generated which ensures a faster
mixing such that the secondary air flow is better mixed
with the primary air flows.
�[0032] Typical for the present invention is that the
crossing air flows cover the whole surface of the heat
exchanger. This provides an even flow of secondary air
over the complete width of the heat exchanger. This in-
creases the effectiveness and hence, also the capacity
of the ceiling convector. With existing convectors, the air
jets generally do not cover the middle of the heat ex-
changer as a result of the decentralised positioning of
the orifices pointing outwards or downwards. Hence, the
middle area of the heat exchanger is hardly used.
�[0033] In still a more detailed embodiment, the ceiling
convector is characterized in that at least two opposite
orifices extend into a mixing chamber which provide the
primary air flow, and wherein the mixing chamber is con-
nected with the outflow side of the heat exchanger which
provides the secondary air flow, wherein the mixed air
flow leaves the mixing chamber through the outflow
opening.
�[0034] In still a more detailed embodiment, the ceiling
convector is characterized in that each orifice is posi-
tioned opposite an outflow opening.
�[0035] In a more detailed embodiment, the ceiling con-
vector is characterized in that the ceiling convector
comprises controlling means for regulating the position
of the regulator based on the temperature of the outflow-
ing air.
�[0036] With the ceiling convector according to the in-
vention, a regulator is installed which provides the normal
Coanda-�effect when cooling. The regulator is then inac-
tive. However, when heating, the regulator is adjusted
such that a downwards directed flow is obtained. This
downwards directed flow breaks up the Coanda-�effect,
and ensures that the relatively warm air leaving the ceiling

convector, is directed downwards. As a result, when
heating, the air is transported directly to the workplaces,
such that a better temperature distribution is obtained.
�[0037] Of course, when using such a regulator, it is
also possible to obtain an intermediate position, such that
warm air with a relatively low temperature is directed into
a transitional area between the ceiling and a steeply
downwards directed area. In that respect, preferably con-
trolling means are provided for regulating the position of
the regulator based on the temperature of the outflowing
air. Said controlling means may be configured in all kinds
of ways, for example with a temperature sensor in com-
bination with an electric regulator drive.
�[0038] In a preferred embodiment, two parallel outflow
openings are provided, each with their own regulator, as
well as two rows of orifices, each one positioned opposite
a respective outflow opening, the heat exchanger being
positioned between the outflow openings.
�[0039] In a more detailed embodiment, the ceiling con-
vector is characterized in that the heat exchanger has
a supply side which is in connection with the room.
�[0040] In a further embodiment, the ceiling convector
is characterized in that the ceiling convector comprises
a housing which is mounted in or at a ceiling of a room.
�[0041] In a more detailed embodiment, the ceiling con-
vector is characterized in that the primary air flows in
the ceiling convector cross each other at an angle (50)
ranging between 10° and 170°, preferably ranging be-
tween 120° and 170°, preferably ranging between 135°
and 160° and in particular preferably ranging between
140° and 150°. Most preferably, the angle (50) at which
the primary air flows cross each other is preferably 135°,
136°, 137°, 138°, 139°, 140°, 141°, 142°, 143°, 144°,
145°, 146°, 147°, 148°, 149°, 150°, 151°, 152°, 153°,
154°, 155°, 156°, 157°, 158°, 159° or 160°.
�[0042] The present invention also provides a method
for providing a room with a ceiling convector according
to the present invention, characterized in that the sec-
ondary air flow from the room towards the ceiling con-
vector has at least doubled compared to a ceiling con-
vector wherein the primary air flows are not directed to-
wards each other.
�[0043] Compared to a traditional ceiling convector
wherein the primary air flows are not directed towards
each other or do not cross each other, with the ceiling
convector of the present invention an increased capacity
is obtained. The increase of the capacity amounts 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50% or
more.
�[0044] Next, the invention will be illustrated in more
detail by means of an embodiment shown in the Figures.

Short description of the Figures

�[0045]

Figure 1 shows a cross section of the ceiling con-
vector as mounted on a ceiling.
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Figure 2 shows a ceiling convector wherein the air
flows cross.

Detailed description of the invention

�[0046] The ceiling convector (1) shown in Figure 1 and
Figure 2 is incorporated in the ceiling (2). The ceiling
convector (1) is mounted in the ceiling (2) in a well-�known
manner. Preferably, the ceiling convector (1) is mounted
in such a way that the lower boundary (1a) of the ceiling
convector (1) lies in the same plane as the lower bound-
ary (2a) of the ceiling (2). Such a way of mounting is
known per se, and is here not shown further in detail.
The ceiling delimits a room (3) the air of which is treated
by the ceiling convector (1). The ceiling convector (1)
may also be supported by the lowered ceiling (2) or may
be suspended independently from the above positioned
ceiling or a bridge construction, not further shown.
�[0047] The ceiling convector (1) comprises a profiled
separation plate (4) with cap (5) mounted thereon, both
defined on the head sides by a head plate (6). In the cap
(5) at least one ventilation air inflow opening is provided
with an air connection (7) connected on the outside. In
this embodiment, said air connection (7) is positioned at
the side, however it may also be positioned at the top of
the cap (5).
�[0048] The separation plate (4) is also provided with
openings in which aerodynamically formed air inflow or-
ifices (8) are placed. In another embodiment, the open-
ings with orifices (8) may be replaced by profiled open-
ings, integrated in the separation plate (4), which have
the same inflow function as the orifices (8).
�[0049] The positioning of the orifices (8) in the sepa-
ration plate (4) is most particular in that the left and right
row of orifices are directed towards each other, in contrast
to the existing systems wherein they are directed away
from each other or are at least minimum parallel to each
other. Additionally, the positioning in the longitudinal di-
rection of the separation plate (4) is such that the orifices
(8) in the left row are staggered with respect to those in
the right row. By this special positioning the so-�called
cross flow induction principle is obtained.
�[0050] In the plane of the lower boundary of the ceiling
convector (1) is located a centrally positioned bottom
panel (10) provided with one or more perforations (10a)
with such an flow rate that sufficient air from the room (3)
may enter the ceiling convector (1). On both sides of the
bottom panel (10) is located a gap-�like air inflow opening
(17). It is defined on the outside by the separation plate
(4). The bottom panel (10) borders the heat exchanger
(9) which forms a battery which it constructed from water-
carrying pipes (9a) with perpendicular placed fins thereon
(9b). The water- �carrying pipes (9a) are connected to a
tubing system, not further shown.
�[0051] The action of the ceiling convector (1) is char-
acterized in that by means of a commonly known trans-
port system for conditioned ventilation air, not further
shown, air (11) with a certain pressure is transported into

the inflow plenum (12) by means of the air connection
(7). The inflow plenum (12) is defined by the separation
plate (4), cap (5), and head plates (6). As a result of the
existing pressure in the inflow plenum (12) air is trans-
ported via the orifices (8) into the underlying mixing and
induction area (14) in the form of primary air flows (13).
Since the total surface of the air flow- �orifice is very small,
the initial speed of the primary air flows (13) will be rela-
tively high. The air pressure in a free air flow is always
lower than in the surrounding nearly static air. The higher
the air speed in the flow, the lower the pressure. As a
result, the air present in the mixing zone (14) will be
sucked in by the primary air flows (13) where it will mix
gradually with the air present therein. This is called the
induction principle. Hence, a secondary air flow (15) is
generated which is sucked into the mixing zone (14) via
the perforations (10a) of the bottom panel (10) and
through the heat exchanger (9). Furthermore, the sec-
ondary air flow (15) is cooled or heated by the heat ex-
changer (9), flushed with cold or warm water, respective-
ly.
�[0052] The cold or warm air mixture induced by the
primary air flows (13) is blown into the room (3) via the
gap-�like air inflow openings (17). The inflow angle is cho-
sen such that the inflow air (18) is given the opportunity
to stick to the ceiling (2) present, the so-�called "Coanda-
effect". Hence, the room (3) is treated evenly without an
undesirable cold zone occurring. In this manner, by grad-
ual mixing of the inflow air (18) with the room air, the
room (3) below is suitably cooled or heated and provided
with fresh air.
�[0053] Figure 2 pertains to a detailed view of a ceiling
convector (1) wherein the heat exchanger (9) and bottom
panel (10) have been omitted by way of illustration of the
cross flow induction principle.
�[0054] The special positioning of the two rows of ori-
fices (8) opposite each other results in that the length of
the air flow (13) over which can be induced in the induc-
tion area (14) is much larger than what is common with
traditional convectors with equal external dimensions.
This is the consequence of the position of the orifice (8)
with regard to the gap-�like air inflow opening (17). Be-
cause of this, at an equal amount of added ventilation air
(11), a larger amount of secondary air (15) will be sucked
in such that the total amount of air blown into the room
(3), provides a higher net amount. Therefore, more sec-
ondary air (15) is transported over the heat exchanger
(9) and this yields a higher cooling or heating capacity.
�[0055] By the staggered positions between the oppo-
site rows of orifices, the crossing jets (13) do not, or only
partially touch each other. However, the crossing jets (13)
cause extra vorticities or turbulence in the area located
between the air jets mutually and in the boundary layer
(16) of these air jets (13). These vorticities provide a fast-
er mixing of the secondary air flow (15) with the primary
air flows (13). Because of this, induction and capacity
increase further.
�[0056] Furthermore, the crossing air jets (13) always
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cover the whole surface of the heat exchanger (9), which
results in a very even inflow of secondary air (15) over
the entire width of the heat exchanger (9). This increases
the effectiveness and as a result, also the capacity. With
traditional ceiling convectors, the air jets generally do not
cover the middle of the heat exchanger as a consequence
of the decentralised positioning of the orifices opening
outwards or downstairs. Hence, the middle portion of the
heat exchanger is hardly used.
�[0057] By the large increase of the capacity of the ceil-
ing convector (1) in comparison with a traditional ceiling
convector as a consequence of the cross flow induction,
the ceiling convector of the present invention may be
provided with a smaller and simpler heat exchanger with
a smaller heat exchange fin surface and less tubing. As
a consequence, the ceiling convector will be smaller and
more economical.

Claims

1. Ceiling convector (1) for delivering cooled or heated
air, comprising :�

a. a heat exchanger (9) for treating said air re-
lated to the cooling or heating thereof,
b. at least two outflow openings (17),
c. at least two opposite orifices directed towards
each other (8) for generating an air flow towards
the outflow opening (17),

characterised in that the primary air flows (13) gen-
erated by the opposite orifices (8), directed towards
each other, cross each other in the mixing chamber
(14).

2. Ceiling convector according to claim 1, character-
ised in that the orifices are grouped in at least two
opposite rows of orifices directed towards each oth-
er.

3. Ceiling convector according to claims 1 or 2, char-
acterised in that the centre lines of the opposite
orifices (8) form an angle (50) between 10° and 170°.

4. Ceiling convector according to any one of the pre-
ceding claims, characterised in that the opposite
orifices (8) are placed crossed with respect to each
other.

5. Ceiling convector according to any one of the pre-
ceding claims, characterized in that at least two
opposite orifices (8) extend into a mixing chamber
(14) which provide the primary air flow, and wherein
the mixing chamber (14) is connected with the out-
flow side of the heat exchanger (9) which provides
the secondary air flow, wherein the mixed air flow
leaves the mixing chamber (14) through the outflow

opening (17).

6. Ceiling convector according to any one of the pre-
ceding claims, characterized in that each orifice
(8) is located opposite an outflow opening (17).

7. Ceiling convector according to any one of the pre-
ceding claims, characterized in that the ceiling con-
vector comprises controlling means for regulating
the position of the regulator based on the tempera-
ture of the outflowing air.

8. Ceiling convector according to any one of the pre-
ceding claims, characterized in that the heat ex-
changer (9) has a supply side which is connected
with the room (3).

9. Ceiling convector according to any one of the pre-
ceding claims, characterized in that the ceiling con-
vector comprises a housing (12) which is mounted
in or at a ceiling (2) of a room (3).

10. Ceiling convector according to any one of the pre-
ceding claims, characterized in that the primary air
flows in the ceiling convector cross each other at an
angle (50) ranging between 10° and 170°.

11. Method for providing a room with a ceiling convector
according to any one of the preceding claims, char-
acterized in that the secondary flow of air (15) from
the room (3) to the ceiling convector has at least
doubled.
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