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The present invention relates to a vent
structure for an air conditioner, and more precisely,
relates to a vent structure able to prevent condensation.

In a conventional air conditioning system, an
air blowing outlet is provided in a wall or a ceiling of
a room in a building, or other structure, to discharge
air to thereby to carry out air-conditioning.

In particular, multiple-flow type vents, in
which air is radially discharged from the entire
periphery thereof, have been widely used as vents
attached to the ceiling of a room, etc. In general, the
multiple-£flow type vent {(anemo type vent) is in the form
of a hollow and substantially frusto-conical vent frame
which is provided therein with a plurality of fins
arranged concentrically with the vent frame.

Figure 10 shows an example of a known vent 50
which is attached to an opening 100 fcrmed in the

ceiling 101 and, through a neck 51, to a duct connecting

port 53, so that the vent faces downward. The vent S0 is

provided with a hollow and substantially truncated-cone-
shaped vent frame (casing) 55 in which a plurality of
concentric conical fins 57 are supported, so that air can
be discharged in the radial direction from the outlet.

However, the innermost (or central) conical

fin 57a is provided with a closed top end. Consequently,

there is no air flow within the innermost fin.
Therefore, when the air-conditioning air is radially
discharged from the air passages defined between the
adjacent conical fins 57, the hot air in the room, ‘drawn

into the vicinity of the innermost fin 57a by the flow of
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cold air discharged from the vent 50 comes into contact
with the cold air, resulting in the formation of
condensation on the inner surface of the innermost
fin 57a, due to the difference between the temperatures
of the hot air and of the cold air. The condensation not
only causes the vent to rust, but also deteriorates the
appearance of thezvent.

To prevent this, it has been proposed to
provide an innermost fin 57A having an open upper
end 57B, as shown in Fig. 9 and as disclosed, for
example, in Japanese Utility Model Unexamined Publication
(Kokai) No. 5-52647. A plate 59 having a number of
through holes 61 is provided in the innermost fin 57A.
In this proposal, an air flow is caused within the
innermost fin 57A to prevent the occurrence of
condensation. - :

Nevertheless, in the arrangement shown in
Fig. 9, particularly on the downstream side of the
plate 59, the air flow at the center of the flow through
the innermost fin S7A is faster than the air flow in the
vicinity of the inner surface of the fin 57A and,

.acc0rdingly, a separation of the air flow in the vicinity

of the conical inner surface occurs as indicated by the
phantom line S. Consequently, there is only a very small
air flow in the wvicinity of the inner surface of the

fin 57A. Consequently, in the arrangement shown in

Fig. 9, condensation D is formed on the inner surface of
the innermost fin 57A, due to the difference between the

temperatures of the hot air and the cold air, as in the.
arrangement shown in Fig. 9.

It is am aim of the present}invention to provide an -k
improved condensation-preventing vent structﬁre, of a good '
aesthetic appearance, for an air-conditioning system, in
which condensation is not formed on any of the fins.

It is
to be understood that a vent structure is not excluded from

the invention merely because it cannot entirely prevent
condensation, but instead inhibits or reduces condensation.
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the present invention, there is provided a condensation-
preventing vent structure having therein at least one
fin, including an innermost fin, to define a flow passage
of air, said innermost fin being provided with open upper
and lower ends to define therein a flow passage, and
provision being made of an air flow damper, provided on
the upstream side of the innermost fin, to reduce the air
flow at the central portion of the flow passage.

The air flow damper can be comprised of a perforated
damper and the pérforated damper can be made of a mesh or
perforated plate with a number of holes.

‘Preferably, the damper is in the form of a
paraboloid of revolution whose diameter gradually
decreases toward the downstream side of the air flow, or
in the form of a cone whose diameter gradually decreases
toward the downstream side of the air flow.

itk

The damper can be ptovided, on the central portion
thereof, with a high impedance smooth flow restricting
portion and, on the surrounding portion, with a low
impedance smooth flow permitting portion connected to the
high impedance portion.

Prefeiably, the perforated.démper has a perforation
density distribution in which the perforation density
gradually increases from the center portion toward the
peripheral portion thereof to gradually reduce the degree
of obstruction to the air flow.

It is also possible to provide a restricting plate
at the center portion of the flow passage defined within
the innermost fin. B

According to another aspect of the present
invention,1a condensation preventing vent structure “
comprises a plurality of concentric fins including an -
innermost fin which is provided with open upper and lower
ends, air flow passages defined by the adjacent fins, an
inner air flow passage defined within the innermost fin,
and an air flow damper provided in, or upstream of, the

inner air flow passage defined within the innermost fin
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to locally restrict the air flow at the central portion
of the inner flow passage.

In the present invention, as mentioned above, since
the innermost fin is provided with open upper and lower
ends to define therein the inner air passage and an air
flow damper to restrict the air floﬁ at the central
portion of the inner air passage, the velocity of the air

flow in the central area of the inner flow passage is

lower than the velocity of the air flow in the
surrounding area and along the inner surface (gquide
surface) of the innermost fin. . Consequently, no
separation of the air flow in the vicinity of the inner
surface of the innermost fin occurs. Namely, there is
sufficient air flow in the vicinity of, or along the
inner surface of, the innermost fin. Furthermore, there
is also a slight or weak air flow in the central area of
the inner air passage. Consequehtly, no hot air from the

. room is drawn into the central area due to the absence of

an air flow in the central area, and thus, no
condensation is formed on the inner surface of the
innermost fin.

An embodiment of the invention will be described below in detail,
by way of example, with reference to the accompanying drawings, in which:
reference to the accompanying drawings, in which;

‘Figure 1 is a schematic view of a condensation
preventing vent structure according to the present

invention;

Figure 2 is a schematic end viey taken along the

‘line A - A in Fig. 1, in which a perforated damper is

emphasized;

Figure 3 is a longitudinal sectional view of an
innermost conical fin of a condensation preventing vent
structure acctording to the present invention:

Figure 4 is a plan view of Fig. 3;

Figure 5 is a longitudinal sectional view of the
innermost conical fin, with a deflector (flow damper), of

& condensation preventing vent structure according to
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another embodiment of the present invention:

Figure 6 is a longitudinal sectional view of another
embodiment of a flow damper, according to the present
invention; ]

Figure 7 is a longitudinal sectional view of yet
another embodiment of a damper, according to the present
invention; '

Figure 8 is a longitudinal sectional view of still
another embodiment of a damper, according to the present
invention;

Figure 9 is an explanatory view of a known vent
structure for an air-conditioning system, to explain an
air flow in the vicinity of an innermost conical fin;
and,

Figﬁre 10 is an explanatory view of another known
vent structure for an air-conditioning system.

Fig. 1 shows an embodiment of a condensation-
preventing-vent structure (referred to as a vent) 10
according to the present invention. The vent 10 is

attached to an opening K formed in a ceiling C within a

room R with the air discharging end facing the inside of
the room R, so that the vent 10 is located behind the
ceiling C as viewed from the inside of the room R.

In the illustrated embodiment, the vent 10 is in the
form of truncated cone and is made of metal, a light
alloy or a synthetic resin. The vent 10 is comprised of
an upper hollow neck 12 and a hollow conical vent
frame 14 connected thereto. There are a plurality of
similar small fins 16, in a concentrical arrangement with
respect to the center axis x of the vent frame 14, within

‘the vent frame 14, as can be seen in Fig. 2. 1In the

illustrated -embodiment, the vent 10 is circular, and

accordingly, the fins 16 constitute a multilayered cone
structure.

The fins 16 are spaced from one another to define
therebetween annular air passages 17, so that air can be
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radially discharged from the air passages 17 into the

room R. There is an innermost fin (i.e., the central
fin) 18 at the center of the vent 10. The fins 16
including the innermost fin 18 are cpnnected and secured
to the inner surface of the neck 12 through respective
mounting members 20 in the form of annular discs of
different diameters.

Figures 3 and 4 show the innermost blade 18 in the
first embodiment of the present invention shown in
Figs. 1 and 2. the innermost fin 18 has open upper and
lower ends which permit air to flow therethrough. The
innermost f£in 18 is provided therein with a perforated
damper 22, located at the upstream side thereof, i.e.,
mounted at the upper end thereof in the illustrated
embodiment. The perforated damper 22 constitutes an air
flow damping means for damping or decelerating the air
flow. The damper 22 is very simple in structure and can
be extremely easily mounted onto the innermost fin 18.

The air flow damping means damps or decelerates the
air flow particularly at the central portion of the flow
passage within the innermost fin 18, that is, it resists
or bars the flow at the central portion of the flow
passage. Consequently, the flow at the central portion
of the flow passage is less rapid than the flow along ox
in the vicinity of the inner conical surface 18a of the
innermost fin 18.

As may be seen in Fig. 3, the démper 22 is made of a
generally inexpensive mesh in the form of a bowl or
paraboloid of revolution, having a diameter gradually
decréasing toward the lower end thereof, i.e. toward the
downstream side of the air flow. ,

In the illustrated embodiment, the damper 22 has a
flat bottom 24 at the lower end (i.e., downstream side
end) thereof and is secured at the upper end 27 (i.e.,
upstream side end) thereof, to the inner wall surface
(guide surfacé) 18a of the innermost fin 18. a

paraboloid surface 26 extends-between.the flat -bottom 24
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and .the upper end 27. The flat bottom 24 has a lower

" perforation density than that of the side peripheral

surface (i.e., the paraboloid surface) 26. Namely, the
mesh of the flat bottom 24 is more dense than the mesh of
the paraboloid surface 26, as can be seen in Fig. 4.
Consequently, the flat bottom portion (high impedance
portion) 24 restricts the air flow more than the side
peripheral portion (low impedance portioh) 26 does.
‘Although the'damper 22 is in the form of a
paraboloid of revolution in the first embodiment
mentioned above, it can be made of, for example a planar
mesh 22’ as shown in Fig. 6. In this modification, the
planar mesh has a non-uniform perforation density

distribution (mesh density). That is, the center portion

(corresponding to the high impedance portion) of the
planar mesh 22’ is more dense than the circumferential
portion (corresponding to the low impedance portion)
thereof. Nevertheless, the embodiment shown ‘in Figs. 3
and 4 is more preferable than the embodiment shown in
Fig. 6 because, in the paraboloid-shaped mesh, a velocity
component in a direction normal to the direction of the

major flow is generated when the air passes through the

mesh of the paraboloid surface 26 (Figs. 3 and 4). This
velocity component of the air flow causes an air flow

along the inner surface 18a of the innermost fin 18.

- Consequently, it is ensured that there is a sufficient

amount of air flow in the vicinity of, or along the inner
surface 18a of, the innermost fin 18, unlike the prior
art in which a separation of the air;flow from the inner
surface tends to occur, thus resulting in little or no
air flow along, or in the vicinity of, the inner surface
of the innermost fin, leading to tﬁe formation of the
condensation, as mentioned above..

Although the planar mesh 22’ includes the high
impedancé portion 24 at the center thereof and the low
impedance portion 26 surrounding the same in Fig. 5, it
is possible to provide a planar mesh having a perforation
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density distribution which gradually and continuously
increases from the center to the periphery thereof, to
thereby gradually reduce the degree of obstruction to the
air flow toward the peripheral portion of the planar

mesh 22°'.

The planar mesh 22' can be replaced with a metal or
plastic plate 22" which is provided with a large number
of perforations punched therein. 1In case of a plastic
molded plate, the perforations can be integrally formed
during molding.

Figure 5 shows another embodiment of a perforated
damper 22A which is made of a mesh in the form of a
pexfect paraboloid of revolution. The same technical
effects as those of the previous embodiments can be
expected from the. arrangement shown in Fig. 5. The
mesh 22A can be also replaced with a plate 22A‘’ having a
large number of punched perforations.

Figure 7 shows another embodiment of an air flow
damping means provided on the innermost fin 18 of the

" vent 10 according to the present invention. 1In the

embodiment shown in Fig. 7, the perforated damper 22B is
made of a mesh or a perforated plate with. punched
perforations in the form of a cone whose apex faces
downward. Namely, the base portion of the cone having
the largest diameter is secured to the inner surface 18a
of the innermost fin 18 at the top end thereof.

In this embodiment, a velocity component of the air
flow in the direction toward the inner surface 18a of the
innermost fin 18 is generated when the air is discharged
from the mesh or perforations of the cone in the
downstream direction, similar to the above-mentioned
embodiment. This velocity compohént of the air flow
causes an air flow along the inner surface 18a of the
innermost fin 18. Consequently, there is sufficient air
flow in the vicinity of or along the inner surface 1l8a

of, the innermost fin 18.

The perforated damper 22B includes the high
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impedance portion 24 in the vicinity of the apex of the
cone and the low impedance portion 26 on the conical
surface other than the high impedance portion 24, similar
to the above-mentioned embodiments. Consequently, the
air flow at the central portion of the flow passage
within the perforated damper 22B is obstructed or
decelerated, and the air flow in the vicinity of, or
along the inner surface 18a of, the innermost fin 18 is
faster than the obstructed air flow at the central
portion of the flow passage.

As a result, there is an air flow along, or in the
vicinity of, the inner conical surface 18a of the
innermost fin 18. The weak air flow passing through the
high impedance portion 24 prevents the hot air in the
room R (Fig. 1) from being attracted or drawn into the
center portion of the flow passage. Thus, no
condensation occurs on the inner surface 18a of the
innermost fin 18. |

Figure 8 shows a modification of the arrangement
shown in Fig. 7. 1In the arrangement illustrated in
Fig. 8, a restricting plate 28 in the form of a small
hollow cone is provided at the center portion, i.e., the
apex of the cone 22B shown in Fig. 7. The festricting

. plate 28 closes or interrupts the flow passage only in

the vicinity of the apex of the éone, i.e., only a
limited area of the flow passage at the center portion
thereof. Nevertheless, an air flow component along the
restricting plate 28 is produced on:-the downstream side
thereof by the air stream deflected by the restricting
plate 28 and flowing toward the downstream side, as

indicated by arrows in Fig. 8. Consequently, the hot air

Ain the room R is not attracted into the center portion of

the flow passage within the innermost fin 18, thus no
condensation occurs on the inner wall surface of the
innermost fin.

The restricting plate 28 can be equally applied to
any type or shape or material of the perforated damper
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(22, 22, 22", 22A, 22A’', 22B).

It is possible to provide only the restricting
plate 28 without the perforated damper in the flow
passagé of the innermost fin. 1In this .case, the
restricting plate 28 can be supported at the center
portion of the £low passage within the innermost fin by a
mounting arm or rod (not shown), etc. The absence of the
perforated damper simplifies the vent structure, reduces
the manufacturing cost and the number of manufacturing
processes thereof. Moreover, the vents can be cheaply
mass-produced.

As mentioned above, in Fig. 1, when cold air is
introduced into the vent structure through the neck 12
thereof, the cold air is radially discharged from the
concentrical flow passages 17 (Fig. 2) between the
adjacent fins 16 including the innermost fin 18. 1In
addition to the air flows from the flow passages 17, the
air can be also discharged through the flow passage

formed within the innermost fin 18. Within the flow

passage in the innermost fin 18, since the air flow at
the center portion thereof is obstructed or decelerated
by the flow damper in comparison with the surrounding air
flow, the latter flows faster than the central air flow.
Consequently, no separation of the air flow from the
inner wall surface of the innermost fin takes place, that
is, there is a sufficient amount of air flow along, or in
the vicinity of, the inner wall surface of the innermost
fin. Moreover, since there is a weak air flow also in
the center portion of the flow passage, there is no
attraction of a substantial amount of air, into the
center portion of the flow passage, from the surrounding
portion at the downstream side of the innermost fin 18.
Hence, condensétion can be effectively prevented.

It was experimentally confirmed that there was no
additional noise produced by the flow damping means and,
instead, .the noise level was lower than in conventional
vent structures.
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Furthermore, in the conventional vent. structure, as

-shown in Fig. 9, in which the improvement was directed to

the presence of the open upper end (instead of the closed
upper end) of the innermost fin so as to form therein a
flow passage, the hot air in the room R can be drawn into
the air flow and reaches the ceiling, thus resulting in a
contamination of the ceiling. Contrary to this, in the
present invention, since no or little separation of the
air flow occurs the ceiling is not stained.

Although the:above'diSCussiqn has been directed to
an air vent having a plurality of concentrical fins, the
present invention is not limited thereto. For example,
the condensation preventing vent structure of the present
invention can be applied to a vent having therein a
single fin which can be considered to be equivalent to
the innermost fin discussed above. Moreover, the shape
of the vent is not limited to a circle as in the
illustrated embodiments, and can be any shape including
an angular shape.

' The present invention is not limited to the
illustrated embodiments and can be modified without
departing from the scope of the invention claimed in the
claims. )

For instance, the air flow damping means which is
provided at the upper end of the innermost £in in the
illustrated embodiments can be provided above the upper
end of the innermost fin or even at-a position further
downstream than the arrangement shown in the drawings, as
long as the air flow separation préventing effect can be
retained. T '

As can be understood from the above discussion,
according’ to the present invention, since the innermost
fin is provided with open upper and lower ends to define
therein an inner air flow passage, and the air flow
damper is provided on the upstream side of the innermost
fin to damp the air flow at the central poftion'of the
inner air flow passage, the velocity of the air flow in
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the central area of the inner flow @éssage is relatively
less than that of the air flow in the vicinity of, or
along the inner surface of, the innermost fin.

Therefore, no separation of the air flow in the vicinity
of the inner surface of the innermost fin occurs, that ‘
is, there is a sufficient amount of air flow in the
vicinity of, or along the inner surface of, the innermost
fin. 1In addition, since there is a weak air flow  in the
central area of the inner air flow passage, the hot air
in the room is not drawn into the air flow due to an
absence of an air flow in the central area. Thus, no
condensation is formed on the inner surface of the
innermost £fin.

The air flow damper can be easily realized by a
perforated damper which can be easily and inexpensively
made of a mesh or a perforated plate with a number or
holes.

If the perforated damper is in the form of a
paraboloid of revolution whose diameter gradually
decreases toward the downstream side of the air flow, orx
in the form of a cone whose diameter gradually decreases
toward the downstream side of the air fldﬁ; an air flow
component toward the inner wall surface of the innermost
fin can be easily and certainly produced.

I1f the perforated damper is provided, on the central
portion thereof, with a high impedance flow obstructing

‘portion and, on the surrounding portion of the high

impedance'portion, with a low impedahce smooth flow
permitting portion connected to the high impedance
portion, the flow restriction. effect, particularly at the!

central portion of the inner flbw’passage, can be
enhanced..

The same is true when the perforated damper has a
perforation density distribution in which the perforation
density gradually increases from the center'portiqn

toward the peripheral portion thereof to gradually reduce
the degree of obstruction to the air. flow.

e —— s o s ane e e
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CLAIMS

1. A condensation preventihg vent structure having
therein at least one fin

n. including an innermost fin to
define an air-flow passage, said innermost fin being

5 . provided with open upper and lower ends to define therein
a flow passage, ‘and provision being made of an air flow L ¥
damper provided on the upstream side of the innermost

blade to damp the air flow at the central portion of the
flow passage..

10 2.

N

A condensation preventing vent structure
according to claim 1, wherein said air flow damper is
comprised of a perforated damper.

3. A condensation preventing vent structure
according to claim 2,
15 made of a mesh.

wherein said perforated damper is

4. A condensation preventing vent structure
according to claim 2, wherein said perforated damper is
made of a perforated plate with a number of perforations.

5. A condensation preventing vent structure

20 according to any one of claims 2 to 4, wherein said
perforated damper is in the form of a paraboloid of
revolution whose diameter gradually decreases toward the
downstream side of the air flow.

6. A condensation preventing vent sﬁructure

25 according to any one of claims 2 to 4, wherein said
perforated damper is in the form of a cone whose diameter

gradually decreases toward the downstream side of the air
flow.

7.

A condensation preventing vent structure A

30 according to any one of claims 2 to 6, wherein said
perforated damper is provided, at the central portion
thereof, with a high impedance flow restricting portion,
and on the surrounding portien thereof, with a low

impedance smooth air flow permitting portion connected to
35 the f£low restricting portion.

8. A condensation preventing vent structure
according to any one of claims 2 to 7, wherein said

perforated damper has a perforation distribution in which-
the )
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perforation density gradually increases from the center
portion toward the peripheral portion thereof to
gradually rednce the degree of obstruction to the air
flow. _

5 9. A condensation preventing vent structure
according to claim 1, wherein said air flow damper
comprises a restricting'plate provided at the center

portion of the flow passage defined within the innermost
blade.

10 10. A condensation preventing vent structure
comprising a plurality of concentric fins including an
innermost fin which is provided with open upper and lower
ends, air flow passages defined by and between the
adjacent fins, an inner air flow passage defined within

15 the innermost'fin, and an air flow damper provided in or
upstream the inner air flow passage defined within the
innermost fin to locally restrict the air flow at the
central portion of the inner flow passage.

11. A condensation preventing vent structure

20 according to claim 10, wherein said air flow damper is
made of a predetermined mesh shape whose perforation
density distribution is not uniform.

12. A condensation preventing vent sStructure
according to claim 10, wherein said air flow damper is

made of a perforated plate whose perforation density
distribution is not uniform.
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