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An air transporting arrangement

The present invention relates to an arrangement for
transporting air with the aid of a so-called ion wind
or corona wind and being of the kind set forth in the
pre-characterizing clause of Claim 1.

It is known that air can be transported, in principle,
with the aid of a so-called electric ion-wind or corona-
wind. An ion wind is created when a corona electrode and

a target electrode are mutually spaced apart and connected
to a respective terminal of a d.c. voltage source, and
when the construction of the corona electrode and the
voltage of the d.c. voltage source are such as to give
rise to a corona discharge at the corona electrode. This
corona discharge, in turn, gives rise to air ions of the
same polarity as the polarity of the corona electrode,

and possibly also to electrically charéed aerosols, i.e.
air suspension of solid particles or liquid droplets which
are charged electrically as a result of collision with the
electrically charged air ions. The air ions migrate _
rapidly, under the influence of the electric field, from
the corona electrode to the target electrode, where they
relinquish their electric charge and return to electrical-
ly neutral air molecules. During their movement between
the electrodes, the air ions constantly collide with the
electrically neutral air molecules, thereby transferring
electrostatic forces thereto, so that said air molecules
are also drawn in a direction from the corona electrode
towards the target electrode, thereby effecting transpor-
tation of air in the form of a so-called ion wind, or
corona wind.

Earlier proposed air transporting arrangements based on
the electric ion-wind concept are found described, for
example, in DE-OS 2854716, DE-OS 2538959, GB-A-2112582,
EP-A1-29421 and US 4,380,720. These earlier proposed
arrangements, however, have been shown to be highly
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ineffective and have not obtained any practical signi-
ficance. Air transporting arrangements which are based on
the ion wind concept and which display marked improvements
over the earlier proposed arrangements, both in regard t6
efficiency and to practical utility, are described in our
contemporary international patent application
PCT/SE85/00538.

A common feature of all of the aforesaid arrangements is
that a corona electrode and a target electrode are arran-
ged spaced from one another in the desired difection of
air flow, the corona electrode and the target electrode
both being constructed so that air can pass therethrough.
The target electrode is placedrdownstream of the corona
electrode, as seen in the direction of air flow, and a
source of d.c. voltage is connected between the corona
and target electrodes, the voltage of the d.c. voltage
source and the construction of the corona electrode being
such as to create at the corona electrode a corona dis-
charge which will produce air ions. In all of the afore-
mentioned cases the electrodes are arranged within the
confines of an airflow duct, although when such an
arrangement is constructed in accordance with our afore-
said international application the provision of such a
duct is not an unavoidable necessity, as is made clear in

the aforesaid international application.

The corona electrodes hitherto proposed for use with air
transporting arrangements of this kind can be divided
into two main categories, namely a first category in
which the corona electrode comprises an elongated, sub-
stantially wire-like corona element which is intended to
extend across the airflow path, and a second category in
which the corona electrode comprises pointed corona
elements, for example corona elements in the form of
short, thin wires or needle-like devices which extend
axially in the airflow path, with one end of the element
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secured in a holder and the other, pointed end, which
is unattached, being directed towards the target elec-
trode.

One requirement placed on the corona electrode of an air
transporting arrangement of the kind in question is that
the corona discharge created at said electrode gives rise
tc the greatest possible transportation of air. Another

‘requirement is that the corona discharge is stable and

creates but the smallest possible amount of toxic gases,
primarily ozone and oxides of nitrogen.

The object of the present invention is to provide an air
transporting arrangement of the aforementioned kind having
a corona electrode so constructed as to fulfil the afore-
mentioned requirements more fully than do the corgna

electrodes hitherto proposed for use in such arrangements.

The invention is based on the experimental discovery that,
when compared with an elongated, wire-like corona elec-
trode that extends tranéversely across the entire cross-
section of the airflow path, the transportation of air can
be greatly improved when the corona electrode is construc-
ted and arranged in a manner such as to confine the corona
discharge to a minor, central part of the cross-section

of the airflow path. This is particularly applicable with
airflow paths of, for example, circular cross-section or
similarly shaped cross-sections. The use of a short wire-
like or needle-like corona electrode arranged axially in
the centre of the airflow path with the free, unattached
end, or point, of the corona electrode directed towards
the target electrode, as previously proposed in air trans-
porting arrangements of the kind in question, is accompa-
nied with other, very serious problems, however. When such
a needle-like corona electrode is operated with an elec-
trically positive corona discharge, the corona discharge
becomes unstable, due to the formation of long, wire-like

corona discharge channels, so-called streamers, in the
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surrounding air. Consequently, it is not possible to
utilize a positive corona discharge from such needle-like
corona electrodes over long periods of time. Although
this problem does not occur in the same manner when a
needle-like corona electrode is operated with an elec-
trically negative corona discharge, a negative discharge
will result in the production of very large quantities

of toxic gases, such as ozone and oxides of nitrogen,

and hence it is not possible to utilize strong negative
corona discharges in air transporting arrangements of

the kind in question, when these arrangements are inten-
ded for use in populated environments.

The aforementioned requirements placed on a corona
electrode intended for use in an air transporting arrange-
ment of the kind in question are fulfilled in accordance
with the invention by means of a corona electrode that
incorporates at least one substantially wire-like elec-
trode element which is arranged adjacent the symmetry axis
of that part of the airflow path in which the corona elec-
trode is to provide for the supply of air ions, and which
is so constructed and orientated that its extension in a
direction perpendicular to said symmetry axis is essen-
tially much smaller than the cross-dimensions of said part
of the airflow path, and in which corona electrode the wire-
like corona element is so formed and arranged that it
lacks ends 'at which the field strength exceeds the field
strength at the peripheral surface of the electrode ele-
ment and at which punctifcrm corona discharges could
possibly occur, whereby the corona discharge is

confined to the peripheral surface of electrode element.

The characterizing features of the invention and of
advantageous embodiments and further developments thereof
are set forth in the following claims.

The invention will now be described in more detail with
reference to the accompanying drawings, in which

-y
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Figures 1-7 illustrate schematically a number of mutual-
ly different embodiments of an air transporting arrange-
ment constructed in accordance with the invention.

Figure 1 illustrates schematically a first embodiment of
an air transporting arrangement according to the invention
which comprises airflow duct 1, the desired direction of
airflow of which is indicated by an arrow 2 and which has
a corona electrode K and a target electrode M arranged
therein. The corona electrode K and the target electrode
M are each connected to a respective terminal of a d.c.
voltage source 3. In the illustrated embodiment it is
assumed that the airflow duct 1 is of tubular construc-
tion, with a circular or like cross-sectional shape, the
target electrode M having the form of a cylinder of
corresponding shape to the airflow duct 1 and, in the
illustrated embodiment, being located closely adjacent the
wall of the airflow duct 1 or having the form of an elec-
trically conductive coating applied directly to the inner
surface of said wall. In principle, the arrangement ope-
rates in the same manner as the arrangement described in
the aforementioned contemporary international patent
application, i.e. a corona discharge is created at the
corona electrode K and gives rise to air ions which, under
the influence of the electric field, migrate from the
corona electrode K to the target electrode M, thereby
giving rise to the desired flow of air in the dﬁct 1.

In accordance with the present invention, the corona
electrode K of the embodiment illustrated in Figure 1
comprises a substantially rectilinear wire 4 of electri-
cally conductive material, the wire being positioned
axially in the airflow duct 1 and preferably located
along the symmetry axis of said duct. The upstream end
of the wire-like electrode element 4 is attached to a
holder H, which is carried in a suitable manner (not
shown) in the airflow duct 1, while the downstream end
of the electrode element 4 directed towards the target
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electrode M is provided with a bulbous body, or droplet-
like body 5, which may comprise an electrically conduc-
tive or electrically insulating material and which has

a substantially larger diameter than the diameter of the
wire 4. This body 5, hereinafter referred to as the ter-
minal body, prevents the occurrence of a field concentra-
tion and therewith a concentration of the corona dis-
charge on the end of the wire-like corona element 4 facing
towards the target electrode M. Instead, there is obtained
a corona discharge which is spread over the peripheral
surface of the electrode element 4 in the manner desired,
in the central part of the cross-sectional area of the
airflow duct 1, so as to eliminate the disadvantages en-
countered with the pointed or needle-like corona electro-
des hitherto proposed.

Figure 2 illustrates another embodiment of the invention,
in which the corona electrode K comprises a wire-like
corona element 4 which although arranged in a similar
manner to the corona electrode of the Figure 1 embodiment
has both ends attached to respective electrode holders H1
and H2. Because the wire-like electrode element 4 of this
embodiment has no free ends, i.e. both ends are attached,
the concentration of punctiform corona discharges are
effectively avoided, and the corona discharge occurs in-
stead over the 'peripheral surface of the electrode element

4 in the manner desired.

In the embodiment of the invention illustrated schemati-
cally in Figure 3, the downstream end of the wire-like
electrode element 4 of the corona element K facing towards
the target electrode M is surrounded by a tube or sleeve
6, which is operative in screening the end of the elec-
trode wire so that no field concentration, and thus no
concentrated corona discharge, can occur on said end of
the electrode wire 4. This screening of the end of the
electrode wire 4 can also be achieved Qith screening

elements having a configuration different to the tube 6.

g
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It will be understood that corona electrodes K con-
structed in the manner illustrated by way of example in
Figures 1 and 3 can, in principle, be reversed to no
disadvantage, so that the holder H of the electrode wire
4 is located downstream, i.e. nearest the target electro-
de M, while the end of the electrode wire 4 provided with
the terminal body 5 or the screening element 6 faces up-
stream, i.e. away from the target electrode M. However,
no large field concentrations normally occur at the up-
stream facing free end of a wire electrode, i.e. a free
end facing away from the target electrode M, and hence
there is no serious risk of a concentrated corona dis-
charge occurring. Consequently, the corona electrode may
conceivably be given the form illustrated by way of
example in Figure 4, in accordancé with the invention. In
this case, the corona electrode K also comprises a wire-
like electrode element 4, the downstream end of which
facing towards the target electrode M is secured in a
holder H, while the free, unattached end of the wire 4
faces upstream, away from the target electrode M. The
risk of a punctiform corona diécharge concentration at
this free end of the electrode wire 4 is very small.
Naturally, if desired, a terminal body of greater diame-
ter than the diameter of the electrode wire 4 can be

provided on the upstream facing end of the electrode wire
4,

A further, conceivable embodiment of the invention is
illustrated schematically in Figure 5. In this embodiment,
the corona electrode K comprises a substantially U-shaped,
thin electrode wire 4, which is attached to a holder H

in a manner such as to leave both ends of the electrode
unattached, these ends being directed upstfeam, away from
the target electrode M. If desired, these free ends of
the electrode wire 4 may be provided with terminal bodies
in the aforedescribed manner.

Another, conceivable embodiment of the invention is
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illustrated schematically in Figure 6. In this embodi-
ﬁent, the corona electrode K comprises a wire-like
electrode element 4 which has the shape of a ring of a
loop and which is attached to a holder H. Since both ends
of the wire-like electrode 4 of this embodiment are held
attached, no concentrated or punctiform corona discharges
can take place. The ring-shaped or loop-shaped electrode
element can also be orientated in a plane extending per~
pendicular to the longitudinal axis of the airflow duct 1.

A corona electrode according to the invention may also
comprise a plurality of electrode elements, for example

in the manner illustrated schematically in Figure 7. The
corona electrode K of the Figure 7 embodiment comprises
two or more wire-like electrode elements 4 which are
attached at one end thereof to the holder H and which

are arranged around the peripheral surface of an imaginary
symmetrical cone, the symmetry axis of which coincides
with the axis of the airflow duct 1. The ends of the wire-
like electrode elements 4 facing towards the target
electrode M are provided with terminal bodies 5, in a
manner similar to the embodiment illustrated in Figure 1,
which prevent concentrated corona discharges on the ends
of the electrode wires 4. The top angle of the imaginary
cone, around the peripheral surface of which the electrode
wires 4 are arranged, can be varied and in the extreme
case may be as large as 1800, such that the electrode
wires 4 lie in one and the same plane at right angles to
the longitudinal axis of the airflow duct 1.

An embodiment of the corona electrode K illustrated in
Figure 7 can also be reversed, so that the unattached ends
of the electrode wires 4 are directed upstream, away from
the target electrode M, in which case the terminal bodies
5 may optionally be 6mitted without risk of concentrated,
punctiform corona discharges occurring at the ends of the
electrode wires 4. o
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It will be evident from the aforegoing that a corona
electrode according to the invention may have a number of
different forms. The only essential feature of the elec-
trode is that it comprises one or more wire-like electrode
elements arranged within the central part of the cross-
sectional area of the airflow path and that these elec-
trode elements have, when seen perpendicular to the longi-
tudinal axis of the airflow path, an extension which is
essentially much smaller than the cross-dimension of said
airflow path, preferably at most 25 % of the cross-dimen-
sion of said path, and that the wire-like electrode ele-
ments lack ends at which the electric field strength
exceeds the field strength at the peripheral surface of
respective electrode elements, so as to avoid punctiform
corona-discharge concentrations at said electrode element
ends, and to confine the corona discharge to the peri-
pheral surfaces of the electrode elements.

The invention has been described in the aforegoing with
reference to an arrangement which incorporates a tubular
airflow duct of circular cross-sectional area, or a
cross-sectional area of similar configuration. The present
invention can also be applied, however, in air transport-
ing arrangements comprising an airflow duct of elongated
rectangular or slit-like cross-sectional area, in which
case a plurality of corona electrodes constructed in
accordance with the invention are arranged in mutually

- spaced relationship in the symmetry plane of the airflow

duct that contains the longitudinal axis of the elonga-
ted rectangular cross-sectional area of the airflow duct.
Each such corona electrode will therewith provide for
the production of air ions in an associated part of the
total airflow duct.

The wire-like electrode elements of the corona electrode
according to the invention are suitably manufactured from,
or coated with a material which is resistant to ultra-

violet radiation and ozone. The electrode element, for
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example, may comprise nickel-plated carbonfibre wires.

In the aforegoing a detailed description of an air
transporting arrangement according to tﬁe invention has
been made solely with respect to the configuration of the
corona electrode. With regard to the construction of the
air transporting arrangement in other respects, reference
is made to our contemporary intérnational patent appli-
cation mentioned in the aforegoing. Thus, the provision
of a duct comprising physical walls surrounding the
electrodes may be omitted. Furthermore, a suitable screen
is arranged upstream of the corona electrode, so as to
avoid the passage of an ion current upstream from the
corona electrode, as described in the aforesaid interna-
tional patent application. The arrangement may also be
provided, to advantage, with an excitation electrode, in
accordance with the recommendations made in the aforesaid
international application. The configuration and posi-
tioning of the various electrodes, and the supply of B
voltage thereto, can therewith be effected in accordance

with said international patent application.

v
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CLAIMS

1. An arrangement for transporting air with the aid of

an electric ion wind, comprising at least one corona
electrode (K), at least one air permeable target electrode
(M) arranged downstream of the corona electrode at an
axial distance therefrom, as seen in the direction of air
flow, and a d.c. voltage source (3), one terminal of
which is connected to the corona electrode and the other
terminal of which is connected to the target electrode,
and in which arrangement the configuration of the corona
electrode and the voltage supply between the terminals of
the voltage source are such as to generate at the corona
electrode a corona discharge which produces air ions,
characterized in that the corona electrode (K) includes
at least one substantially wire-like electrode element (4)
which is located adjacent the symmetry axis of that part
of the airflow path (1) in which the corona electrode (K)
is intended to produce air ions, and which is so construc-
ted and orientated that its extension perpendicular to
said symmetry axis is substantially much smaller than the
cross dimension of said part of the airflow path, and
which is so constructed as to lack ends at which the
field strength exceeds the field strength at the peri-
pheral surface of the electrode element, so as to avoid
punctiform corona-discharge concentrations at the ends of
the electrode element (4) and to confine the corona dis-
charge to the peripheral surface of the electrode element.

2. An arrangement according to Claim 1, characterized in
that the cofona electrode (K) has the form of a substan-
tially rectilinear wire (4) which is positioned so that
its longitudinal axis coincides essentially with the
symmetry axis of the airflow path (1); and in that at
least the end of the wire facing the target electrode
(M) is attached to an electrode holder (H), or is provi-
ded with a body (5) having dimensions which are sub-
stantially greater than the diameter of the wire.
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3. An arrangement according to Claim 2, characterized in
that the wire end facing éway from the target electrode

(M) is also attached to an electrode holder (H) or provided
with a body (5) of substantially larger dimensions than

the diameter of the wire.

4. An arrangement according to Claim 1, characterized in
that the corona electrode (K) comprises a plurality of
substantially rectilinear wires (4) which extend at one

end thereof from a common electrode holder (H) and symmetri-
cally diverge from said symmetry axis, and in that the
unattached ends of said wires (4) are provided with bodies
(5) of substahtially larger dimensions than the diameter

of the wires (Figure 7).

5. An arrangement according to Claim 1, characterized in
that the corona electrode (K) has the form of a substan-
tially rectilinear wire (4) positioned so that its longitu-
dinal axis coincides essentially with said symmetry axis,
and in that at least the wire end facing towards the

target electrode (M) is surrounded by a screen element

(6) which prevents a concentration of the electric fields

at said wire end (Figure 3).

6. An arrangement according to Claim 1, characterized in
that the corona electrode (K) comprises a ring-shaped or

loop-shaped wire (4) having no free ends (Figure 6).

7. An arrangement according to Claim 1, characterized in
that the corona electrode (K) has the form of a substan=-
tially U-shaped wire (4) which is positioned so that the
ends thereof face away from the target electrode (M)

(Figure 5).

]
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