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greater tolerance in its output volatge by findin another mechanism for
controlling droplet size. This invention relates to apparatus for
electrostat-   Another possibility for reducing the cost of t ic spraying
as defined in the preamble of claim 1.    generator is to reduce the
current flow still furthe Many liquids are or can be sprayed
eletrostatically.    5    It is now speculated that the nearness of the ele
Some particular examples are pesticides or other      trode to the edge may
cause a significant leakage via agricultural chemicals, paints, lacquers,
adhesives,  the materials of the apparatus, in use, even though release
agents, and so on. One feature of electrostat-  that is much smaller than
had previously been pro- ic spraying which is usually of advantage, is that
be-  duced by corona. cause the droplets in the spray carry an
electrostatic   10  A means of controlling droplet size is therefore
charge, they tend to deposit more reliably on the tar-  sought which does
not require a closely regulated get. Less of the liquid being sprayed is
wasted.      voltage output and which does not introduce as short
Electrostatic spraying apparatus is known in        a potential leakage
path. which liquid is drawn out preponderantly by elec-       In accordance
with the invention there is provided trostatic forces into ligaments which
break up into   75   electrostatic spaying apparatus, comprising: a noz-
electrically charged droplets. In order for that to hap-  zle having a
spraying edge, an electrically conducting pen the electric field strength
must be sufficiently  or semiconducting liquid contacting surface and high.
In order to reduce the voltage required to      means for delivering liquid
to be sprayed to the edge; produce a sufficient field strength, it is known
to sup-  and high voltage supply means for charging the sur- ply the liquid
to a sharp edge, the shape of which in-   20   face to a high potential,
characterised by the edge tensifies the electric field, and from which the
liquid  being so shaped at a plurality of sites that, in use, sprays.
when covered by the liquid to be sprayed, the local In the prior art, when
a plurality of ligaments is  electric field strength is intensified
sufficiently, at the produced from one edge, at any given flow rate the
voltage produced by the high voltage supply means, number of ligaments
which form depends on the field   25   thatthe liquid at the sites is drawn
out preponderant- strength at the edge. Increasing the field strength in-
ly by electrostatic forces into ligaments which break creases the number of
ligaments. Increasing the       up into electrically charged particles; the
edge be- number of ligaments at the same overall flow rate,    tween said
sites being so shaped that, in use, the lo- has the effect that each
ligament is finer so that the  cal electric field strength is relatively
less intense; droplets it breakes up into, are smaller. Thus increas-   30
and the nozzle being so positioned in said apparatus ingthe electric field
strength at the edge, reduces the  that, in use, the said electric field
strength is defined droplets size.
substantially independent of any low potential in- Unfortunately, the field
strength at the edge de-   fluences from the apparatus. pends on the
distance between the edge and the          The edge may be shaped at the
sites to provide earth boundary of the electric field. The effective   35
teeth for example. A local intensification of the elec- earth boundary is
the target. Thus the droplet size   tric field is produced at the tips of
the teeth. At the depends very significantly on the distance from the
voltage produced by the voltage supply means, the target. When the distance
from the target increases,  intensification is sufficient to draw out
ligaments of the droplet size increases. A technique for producing  the
liquid. A ligament is therefore formed at each tip. an intense electric
field which overcomes this pro-   40  The parameters which determine
whether or not a blem, is described in British patent No. 1 569 707.
ligament is formed per tip include: the voltage Here the electric field is
defined between a spraying  produced by the high voltage generator, the
distance edge and an earthed electrode, usually referred to as  from the
spray head to the target, the sharpness of a field adjusting electrode
(FAE), adjacent the edge.  the tips, the resistivity of the liquid to be
sprayed, the Because the elctrode is so much nearer the edge than    45
number or spacing of the tips, and the flow rate. the target, the electric
field strength at the edge is  With all other parameters constant, we have
dis- largely independent of the distance from the target.  covered that
there is a lower threshold voltage above Thus, provided other parameters
such as flow rate     which there is a sufficiently intense field in the
region and voltage are controlled, the droplet size is very  of each of the
sites, to produce one ligament per site. largely independent of the
distance from the target.   50   A wide range of voltages will produce
sufficient in- An interesting feature of this apparatus is that the
tensification only at the tips, so that one ligament is electrode can be
positioned so that virtually none of  produced per tip, until an upper
threshold voltage is the droplets produced deposit on the electrode.
reached. At the upper threshold there is sufficient Further, since the
field strength can be accurately  field strength that more than one
ligament per tip is defined, it is possible to balance the voltage and the
55   produced with the effect that control of the droplet position of the
electrode so that in use the field    size is lost. strength is
insufficient to produce a corona dis-       When the distance from the
target is varied, the charge. That enables an apparatus to be powered by
value of the lower threshold voltage changes. As the torch batteries and
thus to be portable, which had    distance from  the target decreases, the
lower not been possible previously since corona discharge    60   threshold
voltage reduces. As the distance from the had previously led to a rather
heavy current require-  target increases, the lower threshold voltage in-
ment.                                                 creases. A
significant part of the cost of the apparatus is the  Surprisingly,
provided the spray head is not operat- 



cost of the high voltage generator. One possibility for  ed near the lower
threshold voltage, it is possible to reducing the cost of the generator,
would be to allow    65   vary the distance from the target and the voltage
to 2    3                  EP 0 243 031 B1                   4 which the
surface is charged, quite widely while       Fig. 4 shows a holder for the
nozzle and container producing one ligament per tip. If the voltage is too
of Figures 2 and 3; low there would be less than one ligament per tip. If
Fig. 5 shows a battery operated high voltage the voltage is too high there
would be more than one  generator, in a circuit suitable for use with the
em- ligament per tip. However the range of suitable vol-   5    bodiment of
Figure 1, or of Figures 2 to 4; tages can be quite wide: for example 25 to
35 kV,      Fig. 6 is a partly broken perspective view of a linear which
does not place very exacting requirements on   nozzle of apparatus
embodying the invention, and the voltage supply means. Preferably, the
voltage is   Fig. 7 is a perspective view, partly in section, of
substantially higher than the lower threshold.       another form of linear
nozzle of apparatus embody- The droplet size was thus found to be tolerant
of   10  ing the invention. a wide range of voltages and largely
independent of    The nozzle illustrated has an annular orifice 2 de- the
distance from the target.                        fined between an inner
generally cylindrical member The apparatus has advantages even in cases
4 and a generally cylindrical outer member 6. The where it is not so
necessary to reduce the cost of the  outer member 6 extends beyond the
inner member 4, generator. Particularly at higher flow rates, it is   15
to an edge 8. Liquid to be sprayed is fed, say by gravi- difficult to avoid
contamination of an FAE. Mere     ty, downwards between the inner and outer
mem- removal of the FAE, however, would loose control of  bers 4 and 6tothe
orifice 2. Liquid emerging from the the droplet size. Utilization of the
invention enables  orifice 2 runs down the inside of the outer member 6 the
control of the droplet size to be retained without  to the edge 8. the
possibility of contaminating an FAE since that is   20  The outer member 6
is electrically conductive or not present. When working close to a target,
the     semiconductive. Examples of suitably conductive spray from a device
embodying the invention tends    materials are metals, and conductive
plastics. In this to produce a well defined edge between the area of
example, the edge 8 is thus formed actually in the the target which is
sprayed and that which is not.   conducting or semiconducting surface 10
via which This can be an advantage in some applications and   25   the
liquid to be sprayed is delivered to the edge 8. In contrasts with what
happens when an FAE is provid-   another example to be described later, the
edge and ed. The FAE tends to lift the spray cloud away from  the surface
are separate. the target producing a more graded edge to the         In use
the outer member 6 is connected to an out- deposit on the target.
put terminal 7 of a high voltage generator 9. It is The factors which
affect the onset of corona dis-   30   generally known that when high
potential electrodes charge are the sharpness of the tips and the conduc-
are of positive polarity, corona onset is slightly less tivity of the
material in which they are formed. The  likely to occur. It is therefore
preferred to connect the tips may be sharp and formed in material
sufficiently  positive output of the high voltage generator to the
insulating to prevent corona discharge, in use, at the  outer member 6,
although it is practical to use a nega- voltage produced by the high
voltage supply means.   35   tive polarity if this had other advantages. A
terminal The conducting or semiconducting surface is then     11 of the
generator, which is common to its input and placed upstream of the edge.
its output, is effectively connected to earth, or in any In an alternative,
the tips are formed in conducting  event the target to be sprayed, so as to
establish an or semiconducting material. In this case, the tips are
electric field between the edge 8 and the target. made insufficiently sharp
to produce corona dis-   40  A battery 13 is connected via an on/off switch
15, charge, in use, at the voltage produced by the high  between the common
terminal 13 and a low voltage voltage supply means.
input terminal 17 of the generator, so that when the Another factor which
influences the onset of coro-  switch 15 is closed, a high voltage of from
25 to 35 na discharge is the presence of the liquid to be     kV is
produced at the terminal 7, to charge the outer sprayed. Provided the tips
are not too sharp to be   45   member 6 relative to earth and/or the
target. wetted by the liquid, the liquid can be supplied to    The edge 8
is shaped to provide local intensifica- cover the tips before the high
voltage is applied. The  tion of the field at a plurality of spaced sites.
To this covering of liquid increases the corner radius at the  end, the
edge 8 is formed with a plurality of spaced boundary of the electric field,
which together with  teeth 12. Although if the high voltage is applied to
the increased resistivity provided by the presence of   50   conducting
teeth before the liquid is supplied, the the liquid; reduces the tendency
to corona.          tips define an intense electric field, in use the tips
do It is expected if the tips are formed in a metal edge,  not define the
field directly. In use, liquid flows down a minimum corner radius at the
tip in the region of  the teeth to cover the tips thereof. This can be
under 100 to 200 microns, would not corona in normal use  the influence of
gravity and/or electrostatic forces. at a generator voltage of about 30 kV.
55   The liquid, which must be to some degree conduct- Embodiments of the
invention will now  be          ing, essentially defines the high potential
boundary described, by way of example, with reference to the  of the
electric field. The teeth 12 are sufficiently 



accompanying drawings, in which:                     sharp, that the field
strength at the liquid/air bound- Fig. 1 shows a spraying nozzle of
apparatus em-    ary atthe tips 1 4of theteeth, is great enough to draw
bodying the invention;                          60   out a cone 16 of the
liquid at the voltage produced by Fig. 2 shows in more detail, a section
through a   the high voltage generator. nozzle and a part of a liquid
container assembled      The liquid at the tip becomes charged, negative
therewith, of a second apparatus embodying the in-   charge being conducted
away bythe conducting sur- vention;
face 10, leaving a net positive charge on the liquid. Fig. 3 shows a
section on arrows A - A of Figure 2;   65   The charge on the liquid
produces internal repulsive 3    5                  EP 0 243 031 B1
6 electrostaticforceswhich overcomethe surfaceten-        The teeth 12 are
splayed outwardly in order to in- sion of the liquid forming a cone 16 of
liquid from the  crease the swath width of the spray. The teeth might tip
which issues a ligament 18. At a distance from     be straight or turned
inwardly if narrower swath the tip 14, the mechanical forces produced on
the      widths were required. ligament due to travelling through the air
cause it to    5  In another alternative, the nozzle could be con- break up
into charged droplets of closely similar size.  figured so that the orifice
is a linear slot the spraying Since the teeth are formed of conductive
material,   edge 8 being generally linear. a relatively high resistivity
liquid can be tolerated. If  In yet another alternative, the teeth are
formed in the resistivity of the liquid is too high, however, it be-  a
more insulating material. A highly insulating plas- comes so difficult to
ionise that the breakdown    10  tics material might be for example PTFE. A
less in- potential of air is exceeded before ionisation of the  sulating
material e.g. formaldehyde paper composite liquid is achieved.
such as that sold under the trade name <<Kite Brand>> Since the teeth are
formed of conductive material,   by Tufnol could also be used. This reduces
the ten- there is a danger that corona discharge will be        dencyto
corona so that the teeth can be much sharp- produced if the field strength
is too high. This would   15   er than the brass teeth illustrated. be
undesirable because it would introduce a require-    With insulating teeth,
the liquid is still delivered to ment for a higher current from the high
voltage       the edge 8 via a conducting or semiconducting sur- generator,
increasing the cost thereof and reducing   face. However, this is upstream
of the edge 8. The the life of any batteries used to power it.
electric field is defined by the liquid arriving at the To prevent corona
in use, the teeth are made with   20   edge 8. Negative charge is be
conducted away from no very small corner radii. The minimum corner
the liquid at its contact with the conducting surface, radius at the tips
may be sufficiently large that coro-  leaving a net positive charge on the
liquid. na will not occur, in use, or rather before use, even  We find it
necessary to dimension the spacing of when the tips are not covered by the
liquid. Alterna-  the edge 8 from the conducting or semiconducting tively,
it may be possible to use a smaller minimum    25   surface suitably, in
relation to the resistivity of the comer radius, If the radius is still
large enough to be  liquid being sprayed. We find that spraying will not
wetted by the liquid to be sprayed, and care is taken  take place if, given
a spacing, the resistivity of the liq- to supply the liquid to the tips, so
as to wet the tips,  uid is too high or, conversely, given a particular
before the high voltage is switched on. The larger    resistivity, the
spacing is too great. A possible expla- radius produced by the covering
liquid, together with   30   nation for this observation is that in
addition to the the increased resistivity, which lowers the potential
liquid becoming charged as it passes over the con- of the high voltage
boundary of the electric field,   ducting or semiconducting surface, there
is also con- both contribute to a reduction in the likelihood of co-
duction of charge away from the liquid at a tip 14 rona.
through the liquid. The resistance of this path must Whether the minimum
radius that can be wetted is   35   not be so high that the voltage drop
across it results smaller than the minimum radius that will avoid coro-  in
the voltage at the tips 14 being too low to produce na
<<dry>>,dependsonthesurfacetensionoftheliquid         an atomising field
strength. The distance between and on the high voltage produced by the
generator.    the edge 8 and the conducting or semiconducting The lowerthe
surface tension, the smaller is the mini-  surface must therefore be
sufficiently small to allow mum corner radius that can be wetted. The lower
the    40   for the resistivity of the liquid being used. We have high
voltage produced by the generator, the smaller   found that a suitable
position can be found for the the minimum corner radius without producing
coro-     surface even when spraying, say, a pesticide having na. So, the
lower the surface tension and the lower   a resistivity in the range [err]
to [err] ohm cm. the voltage, the less likely it is that the liquid will
wet  The result of the conduction through the liquid is a smaller corner
radius than will avoid corona.  45   thatthere is a voltage gradient along
the teeth, i.e. in We have found it quite possible to make teeth       the
direction of liquid flow. The resulting electric field which are
sufficiently sharp to spray and yet not so  produces a force parallel to
the surface, sometimes sharp as to cause corona in use at the voltage
provid-  called a tangential force, which acts to propel the liq- ed by the
high voltage generator, e.g. 25 to 35 kV.   uid along the from the orifice
2 along the teeth It is expected that a minimum corner radius at the tip
so   towards their tips. In the case of conducting teeth, of 100 to 200
microns would not produce corona, in    there is no significant voltage
gradient and it is more 



use, at about 30 kV.                                  difficult to deliver
the liquid along the teeth to the The teeth provide a local intensification
of the elec-  tips. tric field at their tips which is sufficient to spray,
In the arrangement illustrated the teeth if made of forming a ligament at
each tip, over a wide range of   55   insulating material could be much
sharper and the voltages and distances from the target. In one im-
conducting or semiconducting surface could be plementation, one ligament
can be obtained off each   provided by making the inner member 4 of
suitable tip over the range 25 to 35 kV. The number of liga-    material. A
non conducting edge could be provided ments was found virtually independent
of the dis-     by ring pressed on a conducting outer 6. Alternative- tance
from the target in this voltage range. The   60   ly, the outer 6 could be
nonconducting and the inner droplet size is therefore largely independent
of vol-  4 could be conducting. In that arrangement it is not tage over a
wide range which reduces the need to       so easy to apply the high
voltage to the surface, i.e. regulate the voltage output of the generator.
The     the inner. In yet another alternative, the teeth are droplet size
is also adequately independent of the dis-  provided on a non conducting
inner and the outer is tance from the target.                           65
conducting. The liquid then flows down the outside 4    7
EP 0 243 031 B1                   8 of the teeth to the tips. Care has to
be taken in the de-  vention. Instead of the nozzle having a ring of teeth,
sign of the outer that the liquid does not spray off the  illustrated in
the previous embodiment, in Figure 6 edge at the end thereof.
the teeth 12 are provided in a straight row. The teeth One of the factors
which influences the size of the  12 are formed in a body member 42 of
insulating droplets, is the flow rate. If all other factors are cons-    5
plastics material. Liquid to be sprayed is provided via tant, increasing
the flow rate increases the droplet  an outlet (not illustrated) to a
liquid distribution size. The nozzle and container illustrated in Figures 2
gallery 44 in the body 42. A closing plate 46 is and 3 is sectioned to show
an arrangement for con-   spaced from and sealed to the body member 42 by
trolling the flow.                                   a gasket 48. The
gasket is open sided adjacent the In the arrangement shown three different
param-   10  teeth 12 defining a linear slot 49 between the body eters are
used to control the flow rate.             member 42 and the closing plate
46. The gasket is so One of the parameters is the size of the passages
shaped as to provide channels 50 to supply liquid through which the liquid
flows. The size is deter-  from the distribution gallery 44 to the slot 49.
Up- mined accurately by providing the outer 6 with inter-  stream from the
mouth of the slot 49, a conducting nal ribs 20 (see Figure 31. The inner 4
is a press fit to   15   or semiconducting strip 52 is inset into the body
the ribs 20, so that passages 22 for the liquid are de-  member 42 to
provide a liquid contacting surface. fined between the ribs. The passages
open into a     The strip 52 is connected to a high voltage output of
complete annular orifice 2 at their lower ends. The  a high voltage supply
(not shown in Figure 61 to passagescan bemoreaccuratelymanufacturedthan
charge the liquid so that spraying takes place, one it would be convenient
to make a continuous annular   20   ligament being formed per tooth, as
described previ- passage. The dimensions and the number of the pas-
ously. Again, sufficient electrical field strength is ob- sages 22 partly
control the flow rate. Smaller cross  tained at the tips of the teeth,
without the apparatus section, longer lengths and fewer pssages would all
having any parts at low potential near the nozzle. The contribute to lower
flow rate.                       field strength is defined substantially
independent of In the arrangement illustrated, a container 4 is  25   any
low potential influences from the apparatus. sealed to the spray nozzle 26.
The container has no    The nozzle shown in Figure 7 is in the form of a
bath means of pressure relief except via an air bleed screw  54 made from
an insulating plastics material, having 28. As can be seen the inner 4 is
hollow and extends  teeth 12 formed along one edge 56. Grooves 57 in into
the container 24. The air bleed screw 28 is    the base of the bath
communicated with the tip of threadedly engaged in the inner end of the
inner 4.   30   each tooth 12. In use the bath is filled with liquid 58 The
second parameter affecting flow rate is the    to be sprayed, to a level
close to the edge 56. The lev- dimensions of the helical passage provided
round the  el may be maintained by providing a continuous sup- thread of
the air bleed screw partly determine the rate  ply of liquid and allowing
excess to return via an over- at which pressure in the container is
relieved to allow  flow (not shown) to be recycled. A conducing sur- liquid
to flow out. Longer helical passages and smaller   35   face is provided in
the embodiment illustrated by a cross section both contribute to lower flow
rate.    wire 60 which in use is connected to the high voltage The third
parameter affecting the flow rate, is the  output 7 of the supply 9.
Application of a high vol- height of the air bleed screw 28 above the
orifice 2  tage to the wire 60 charges the liquid 58 and the which with the
control provided by the air bleed     resulting electric field propels it
towards the teeth screw, determines the head of liquid above the   40   12.
When the liquid covers the teeth 12 the field orifice. The smaller the
distance the air bleed screw  strength at the tips of the teeth is
sufficiently intense is above the orifice the smaller the flow rate.
that the liquid is sprayed off as ligaments which The outer 6, which is
again conductive or semicon-  break up into droplets as previously
described. This ductive, is provided with an external screw thread
embodiment has the advantage that it does not drip 30. This is received, in
use, by an internal thread 32   45  if spraying is halted by the
interruption of the high 



in a holder 34 mounted at one of an insulating lance  voltage supply,
although due to the open nature of 36, only one end of which is shown in
the drawing.  the bath, it would not be suitable for applications At its
other end, the lance carries the high voltage  where it is required to move
the nozzle e.g. by hand, generator 9 and battery 13. The earth connection
as when spraying an insecticide on a plant. may be made by a trailing wire
or suitably conductive   50  As before the nozzle is used without any
substan- cord. The output terminal of the high voltage genera-  tial earth
influences from the apparatus. Sufficient tor 9 is connected via a lead 38
within the lance, to  electric field strength is obtained at the tips of
the a contact 40 so positioned within the holder 34 as to  teeth, without
the provision of low potential parts or contact the outer 6 when this is
screwed into the    electrodes close to the nozzle. holder.
55 As will be appreciated, the combination of an in- sulating lance and an
earth wire trailing from the end  Claims of the lance opposite the nozzle,
results in the nozzle being free from any low potential influences from the
1. Electrostatic spraying apparatus, comprising: apparatus. The long path
via the lance between the   60   a nozzle having a spraying edge (8), an
electrically nozzle and the trailing earth wire reduces leakage to
conducting or semiconducting liquid contacting sur- earth from the nozzle.
This both increases battery life  face (10) and means (22) for delivering
liquid to be and reduces the current rating of the high voltage   sprayed
to the edge (8); and high voltage supply generator.
means (9) for charging the surface (10) to a high Figure 8 illustrates
another embodiment of the in-  65   potential, characterised by the edge
18) being so    7                   EP0 243031 B1                    8 of
the teeth to the tips. Care has to be taken in the de-  vention. Instead of
the nozzle having a ring of teeth, sign of the outer that the liquid does
not spray off the  illustrated in the previous embodiment, in Figure 6 edge
at the end thereof.                             the teeth 12 are provided
in a straight row. The teeth One of the factors which influences the size
of the  12 are formed in a body member 42 of insulating droplets, is the
flow rate. If all other factors are cons-    5    plastics material. Liquid
to be sprayed is provided via tant, increasing the flow rate increases the
droplet  an outlet (not illustrated) to a liquid distribution size. The
nozzle and container illustrated in Figures 2  gallery 44 in the body 42. A
closing plate 46 is and 3 is sectioned to show an arrangement for con-
spaced from and sealed to the body member 42 by trolling the flow.
a gasket 48. The gasket is open sided adjacent the In the arrangement shown
three different param-   10  teeth 12 defining a linear slot 49 between the
body eters are used to control the flow rate.             member 42 and the
closing plate 46. The gasket is so One of the parameters is the size of the
passages  shaped as to provide channels 50 to supply liquid through which
the liquid flows. The size is deter-   from the distribution gallery 44 to
the slot 49. Up- mined accurately by providing the outer 6 with inter-
stream from the mouth of the slot 49, a conducting nal ribs 20 (see Figure
31. The inner 4 is a press fit to   is   or semiconducting strip 52 is
inset into the body the ribs 20, so that passages 22 for the liquid are de-
member 42 to provide a liquid contacting surface. fined between the ribs.
The passages open into a     The strip 52 is connected to a high voltage
output of complete annular orifice 2 at their lower ends. The  a high
voltage supply (not shown in Figure 6) to passages can be more accurately
manufactured than    charge the liquid so that spraying takes place, one it
would be convenient to make a continuous annular   20   ligament being
formed per tooth, as described previ- passage. The dimensions and the
number of the pas-   ously. Again, sufficient electrical field strength is
ob- sages 22 partly control the flow rate. Smaller cross  tained at the
tips of the teeth, without the apparatus section, longer lengths and fewer
pssages would all  having any parts at low potential near the nozzle. The
contribute to lower flow rate.                       field strength is
defined substantially independent of In the arrangement illustrated, a
container 4 is   25   any low potential influences from the apparatus.
sealed to the spray nozzle 26. The container has no    The nozzle shown in
Figure 7 is in the form of a bath means of pressure relief except via an
air bleed screw  54 made from an insulating plastics material, having 28.
As can be seen the inner 4 is hollow and extends  teeth 12 formed along one
edge 56. Grooves 57 in into the container 24. The air bleed screw 28 is
the base of the bath communicated with the tip of threadedly engaged in the
inner end of the inner 4.   30   each tooth 12. In use the bath is filled
with liquid 58 The second parameter affecting flow rate is the    to be
sprayed, to a level close to the edge 56. The lev- dimensions of the
helical passage provided round the  el may be maintained by providing a
continuous sup- thread of the air bleed screw partly determine the rate
ply of liquid and allowing excess to return via an over- at which pressure
in the container is relieved to allow  flow (not shown) to be recycled. A
conducing sur- liquid to flow out. Longer helical passages and smaller   35
face is provided in the embodiment illustrated by a cross section both
contribute to lower flow rate.    wire 60 which in use is connected to the
high voltage The third parameter affecting the flow rate, is the  output 7
of the supply 9. Application of a high vol- height of the air bleed screw
28 above the orifice 2  tage to the wire 60 charges the liquid 58 and the
which with the control provided by the air bleed     resulting electric
field propels it towards the teeth screw, determines the head of liquid
above the   40   12. When the liquid covers the teeth 12 the field 



orifice. The smaller the distance the air bleed screw  strength at the tips
of the teeth is sufficiently intense is above the orifice the smaller the
flow rate.      that the liquid is sprayed off as ligaments which The outer
6, which is again conductive or semicon-  break up into droplets as
previously described. This ductive, is provided with an external screw
thread   embodiment has the advantage that it does not drip 30. This is
received, in use, by an internal thread 32   45  if spraying is halted by
the interruption of the high in a holder 34 mounted at one of an insulating
lance  voltage supply, although due to the open nature of 36, only one end
of which is shown in the drawing.   the bath, it would not be suitable for
applications At its other end, the lance carries the high voltage  where it
is required to move the nozzle e.g. by hand, generator 9 and battery 13.
The earth connection     as when spraying an insecticide on a plant. may be
made by a trailing wire or suitably conductive   so  As before the nozzle
is used without any substan- cord. The output terminal of the high voltage
genera-  tial earth influences from the apparatus. Sufficient tor 9 is
connected via a lead 38 within the lance, to  electric field strength is
obtained at the tips of the a contact 40 so positioned within the holder 34
as to  teeth, without the provision of low potential parts or contact the
outer 6 when this is screwed into the    electrodes close to the nozzle.
holder.                                         55 As will be appreciated,
the combination of an in- sulating lance and an earth wire trailing from
the end  Claims of the lance opposite the nozzle, results in the nozzle
being free from any low potential influences from the  1. Electrostatic
spraying apparatus, comprising: apparatus. The long path via the lance
between the   so   a nozzle having a spraying edge (8), an electrically
nozzle and the trailing earth wire reduces leakage to  conducting or
semiconducting liquid contacting sur- earth from the nozzle. This both
increases battery life  face (101 and means (22) for delivering liquid to
be and reduces the current rating of the high voltage   sprayed to the edge
(8); and high voltage supply generator.
means (9) for charging the surface (10) to a high Figure 6 illustrates
another embodiment of the in-   65   potential, characterised by the edge
(8) being so 5    9                   EP 0 243 031 B1                   10
shaped at a plurality of sites (14) that, in use, when   2. Vorrichtung
nach Anspruch 1, bei welcher die covered by the liquid to be sprayed, the
local electric  Kante 18) an den Stellen (14) so geformt ist, dag field
strength is intensified sufficiently, at the vol-  scharfe Spitzen
entstehen, welche aus einem ausrei- tage produced by the voltage supply
means (9), that    chend isolierenden Material gebildet sind, um bei der
the liquid at the sites (1 4)is drawn out preponderant-    5    durch die
Hochspannungsquelle erzeugten Span- ly by electrostatic forces into
ligaments (18) which   nung eine Corona-Entladung zu verhindern, wobei
break up into electrically charged particles; the edge  die genannte Fliche
stromaufwarts der Kante liegt. (8) between said sites (14) being so shaped
that, in     3. Vorrichtung nach Anspruch 1, bei welcher die use, the local
electric field strength is relatively less  Kante (8) an den Stellen (14)
so geformt ist, dag Spit- intense; and the nozzle being so positioned in
said ap-   10   zen aus einem leitenden oder halbleiterlden Material
paratus that, in use, the said electric field strength is  entstehen, die
unzureichend scharf sind, als dao defined substantially independent of any
low poten-    beirn Gebrauch bei der durch die Hochspannungs- tial
influences from the apparatus.                    quelle erzeugten Spannung
elne Corona-Entladung 2. Apparatus as claimed in claim 1, wherein the
eintritt. edge (8) is shaped at said sites (14) to provide sharp   15  4.
Vorrichtung nach Anspruch 3, bei welcher die tips formed in material
sufficiently insulating to pre-  Kante ein Tell der genannten Flache !st.
vent corona discharge, in use, at the voltage            5. Vorrichtung
nach Anspruch 2 oder 3, bei wel- produced by the high voltage supply means,
said sur-   cher die Kante (8) an jeder der Stellen (14) die Form face
being upstream of the edge.                       eines Zahns aufweist. 3.
Apparatus as claimed in claim 1, wherein the    20  6. Vorrichtung nach
Anspruch 2 oder 3, bei wel- edge (8) is shaped at said sites 114) to
provide tips  cher die Kante an jeder Stelle (14) die Form eines formed in
conducting or semiconducting material,       Barts aufweist. and
sufficiently sharp to produce a corona discharge,    7. Vorrichtung nach
einem der vorhergehenden in use, at the voltage produced by the high
voltage    Anspruche, bei welcher die Kante (8) im allgemeinen supply
means.                                    25   kreisformig ist. 4.
Apparatus as claimed in claim 3, wherein the          8. Vorrichtung nach
einem derAnspruche 1 bis 6, edge is part of the said surface.
bei welcher die Spruhkante im aligemeinen linear ist. 5. Apparatus as
claimed in claim 2 or claim 3, wherein the edge (8) has the form of a tooth
at each site (14).                                       30
Revendications 6. Apparatus as claimed in claim 2 or claim 3, wherein the
edge has the form of a whisker at each       1. Appareil de pulverisation
electrostatique com- site (14).
prenant: une buse ayant une arete (8) de pulvdrisa- 7. Apparatus as claimed
in any preceding claim,      tion, une surface (10) de contact de liquide,
electri- 



wherein the edge (8) is generally circular.      35   quement conductrice
ou semi-conductrice, et des 8. Apparatus as claimed in any of claims 1 to
6,     moyens (22) destines A amener un liquids A pulveri- wherein the
spraying edge is generally linear.         ser 3 I'arete (8); et des moyens
(9) d'alimentation a haute tension destines a charger la surface I10) a un
potentiel elevd, caracterise en ce que l'ardte (8) est Patentanspruche
40   configuree, en plusieurs sites (14), de maniere que, lors de
l'utilisation, lorsqu'elle est recouverte par le 1. Elektrostatische
Spruhvorrichtung, welche fol-   liquidse devant etre pulv6rise, la force du
champ elec- gendeTeile aufweist: eine Duse, die eine SprGhkante   trique
local soit intensifide suffisamment, A la ten- (8) besitzt, eine elektrisch
leitende oder halbleitende  sion produite par les moyens (9) d'alimentation
a Flussigkeit, welche eine Oberflache I 10) kontaktiert,   4S   haute
tension, pour que le liquids aux sites 114) soit sine Elnrichtung (22) fur
die Zufuhrung von zu ver-   etire principalement par des forces
electrostatiques J  sprOhender FlOssigkeit zur Kante (8) und sine Hoch-
en ligaments (18) qui se fragmentent en particules spannungsquslle (9) zum
Aufladen der Oberfiache        chargees 6lectriquement; l'arete 18), entre
lesdits (10) auf ein hohes Potential, dadurch gekennzeich-    sites 014),
btant configurbe de maniere que, lors de net, dao die Kante (8) an einer
VieIzahl von Stellen   co   l'utilisaffon, la force du champ electrique
local soit (14) so geformt ist, dao, wenn sie beim Gebrauch
relativement moins intense; etIs buses tant disposie durch die zu
verspruhende Flussigkeit bedeckt ist,     dans ledit appareil de maniere
que, lors de l'utilisa- die lokale elektrische Feldstirke bei der durch die
tion, ladite force du champ electrique soit definie Hochspannungsquelle (9)
erzeugten Spannung aus-       sensiblement independamment de toutes
influences reichend intensiviert wird, dao die Fluissigkeit an den   55
de faible potential provenant de l'appareil. Stellen (141 uberwiegend durch
elektrostatische          2. Appareil selon la revendication 1, dans lequel
Krfifte von Ligamenten (18) herausgezogen wird, die   l'arete (8) est
configurbe auxdits sites (14) de facon in elektrisch geladene Tellchen
aufbrechen; daB die    A prbsenter des pointes effilbes formees dans une
Kante (8) zwischen den Stellen (14)so scharf ist, dal  matibre suffisament
isolante. pour empecher la beim Gebrauch die lokale elektrische Feldstfrke
ver-   fO   dbcharge d'effluves, lors de l'utilisation, A la tension
hfiltnismiBig weniger intensiv ist; und dalB die Dose  produite par les
moyens d'alimentation a haute ten- so in der Vorrichtung angeordnet ist,
daB beim Ge-    sion, ladite surface etant en amont de l'arite. brauch die
elektrische Feldstfirke weitgehend unab-     3. Appareil selon la
revendication 1, dans lequel hangig von irgendwelchen
NiederpotentialeinflOs-      I'arite (8) estconfiguree, auxdits sites
(114), de facon sen von der Vorrichtung definiert wird.          as   a
former des pointes rbalisbes en une matiere con- 6    N t1
EP 0 243 031 B1                      12 ductrice ou semi-conductrice, et
insuffament effi-            6. Appareil selon la revendication 2 ou la
revendi- Ies pour produire une decharge d'effluves, lors de        cation
3, dans lequel l'ar6te presente la forme d'une r'utilisation, A la tension
produite par les moyens        dendrite en chaque site (14).
( d'alimentation a haute tension.                              7. Appareil
selon l'une quelconque des revendica- 4. Appareil selon la revendication 3,
dans lequel    5    tions pr~cadentes, dans lequel I'arte (8) est globale-
I'arbte fait partie de ladite surface.                     ment circulaire.
5. Appareil selon Ia revendication 2 ou la revendi-        8. Appareil
selonl'unequelconquedes revendica- cation 3, dans lequel I'arbte (8)
pr6sente la forme        tions 1 a 6, dans lequel I'arfte de pulv6risation
est d'une dent en chaque site (14).                            globalement
lin6aire. 10 20 25 30 35 40 45 50 55 60 65 7    


