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(57) Claim

1· An electrostatic spraying apparatus comprising an

electrostatic sprayhead, means for supplying a liquid to the

sprayhead, means for subjecting liquid emerging from the sprayhead to

an electrical field sufficiently high for the liquid to be drawn from

the sprayhead in the form of at least one filament which subsequently

becomes unstable and breaks up into droplets, and means for causing a

stream of gas to flow through the region of the high electrical field, 
voluuhr,e νβ-ΙοώΉι csf -tl-vt
the^stream of gas being insufficient to disrupt the formation of 

filaments but sufficient to remove charged droplets of liquid from the 

said region, thereby to reduce a build-up in space charge which 

affects the magnitude of the electrical field. ‘
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2-(11) AU-B-53652/86 
(10)593541

26. A process for spraying liquids comprising supplying a liquid

to an electrostatic sprayhead, subjecting liquid emerging from the.

sprayhead to an electrical field sufficiently high for the liquid to

be drawn from the sprayhead in the form of at least one filament which

subsequently becomes unstable and breaks up into droplets, and

causing a stream of gas to flow through the region of the high

electrical field, the stream of gas flowing in a direction parallel

with or substantially parallel with the direction in which liquid 

emerges from the sprayhead and the volume and velocity of 
the stream of gas being sufficient to remove charged 

droplets from the said region, thereby to reduce a 
build-up in space charge which affects the magnitude of 

the electrical field.
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ELECTROSTATIC SPRAYING APPARATUS

This invention relates to the electrostatic spraying of 

liquids. .
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It has been proposed in our British Patent No. 1-569-707 to 

spray liquid pesticides from a sprayhead charged to a high voltage 

under the influence of which the liquid is atomised into a cloud of 

charged droplets. Such processes have many advantages and are 

satisfactory under a wide range of operating conditions but there is a 

limit on the liquid flow-rate when small droplets are required.

A major factor contributing to this limit is the space 

charge associated with the cloud of charged droplets formed between 

the sprayhead and the target. This space charge reduces the electric 

field in the vicinity of the sprayhead and hence adversely affects the 

conditions for spray formation.

The effect of the space charge could be reduced by 

increasing the potential difference between the sprayhead and the 

target. However, higher voltages increase the risk to the operator 

and of spark ignition. They can also give rise to substantial corona 

discharge and require more expensive generators, which might no longer 

be portable.

A reduction in the effect of the space charge could also be

obtained by reducing the distance between the sprayhead and the

target. However, in many applications, such as agriculture, this

distance is determined by other considerations, and hence it is not

ft ft ft ft

ft ft ft ft ft ft
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practical to reduce the sprayhead to target distance.

It is an object of the present invention to reduce the space 

charge between the sprayhead and the target, especially in the 

vicinity of the sprayhead, and thus to permit smaller droplets to he 

formed at a given liquid flow-rate or permit higher liquid flow-rates.

According to the present invention there is provided an

electrostatic spraying apparatus comprising an electrostatic

sprayhead, means for supplying a liquid to the sprayhead, means for

subjecting liquid emerging from the sprayhead to an electrical field

sufficiently high for the liquid to he drawn from the sprayhead in the

form of at least one filament which subsequently becomes unstable and

breaks up into droplets, and means for causing a stream of gas to flow 
\oIlaiy>c. Ve.loc.itq

through the region of the high electrical field, the^stream of gas 

being insufficient to disrupt the formation of filaments but 

sufficient to remove charged droplets of liquid from the said region, 

thereby to reduce a build-up in space charge which affects the

magnitude of the electrical field.

Preferably, there is an angle not greater than 30° between 

the direction in which the liquid emerges from the sprayhead and the

direction in which the gas flows.

Preferably, the means for causing a stream of gas to flow 

th-ough the region of the high electrical field are such that the 

ve‘, ity of the gas stream is equal to or greater than the velocity of 

the droplets in the absence of the stream of gas.
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Suitably, at least a part of the stream of gas flows within 

1.5 cms. of the or each location at which liquid emerges from the 

eprayhead, and preferably the stream of gas flows within 5 mms. of the 

or each location. Preferably, the stream of gas contacts the

sprayhead at or near the location from which liquid emerges.

Since the or each region through which the stream of gas

flows is relatively large, and since the gas is not required to shear 

the liquid, the gas need only be supplied at a low pressure ie. at a 

pressure not greater than 0.25 p.s.i. A high pressure source, such as 

a compressor, can he used as long as a pressure reducer is arranged 

between the source and the region of the high electrical field.

The means for subjecting liquid emerging from the sprayhead

to an electrical field may comprise means for causing a first

potential to he applied to liquid emerging from the sprayhead, and 

means for applying a second potential to a target towards which the 

emerging liquid is directed, the difference between the first and 

second potentials being sufficient to cause formation of the said

filament or filaments.

An electrode may he mounted adjacent to the sprayhead, and

the means for subjecting liquid emerging from the sprayhead to an

electrical field comprise means for maintaining the electrode at an

electrical potential, and means providing a return path for the flow 

of electrical charge between the sprayhead and the target.

Preferably, an electrode is mounted adjacent the sprayhead,

and the means for subjecting liquid emerging from the sprayhead to an 

electrical field comprise means for causing a first potential to be

t I
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applied to liquid emerging from the sprayhead, and means for

maintaining the electrode at a second potential, the difference

between the first and second potentials being sufficient to cause

formation of the said filament or filaments.

In apparatus having a sprayhead comprising one or more small 

holes or points or an annular orifice from which the liquid emerges, 

the electrode may be disposed radially outwardly of the said one or 

more holes or points or orifice, and the stream of gas may he caused 

to flow through the region between the electrode and the one or more 

small holes or points or orifice. Alternatively, if the sprayhead 

comprises one or more holes or points or an annular orifice from which 

the liquid emerges, the electrode may be disposed radially inwardly of 

the said one or more holes or points or orifice, and the stream of gas 

may again be caused to flow through the region between the electrodes 

and the said one or more holes or points or orifice and/or through a 

region of similar material dimensions which is disposed radially 

outwardly of the said one or more holes or points or orifice.

In apparatus having a sprayhead comprising a linearly 

extending slot or edge from which liquid emerges and a pair of 

mutually spaced, linearly extending electrodes which extend parallel 

with the slot or edge on respective opposite sides thereof, the stream 

of gas is caused to flow through the regions between the slot or edge 

and each of the electrodes. If the sprayhead comprises a single 

linearly extending electrode which extends parallel with the slot or 

edge, the stream of gas is caused to flow through the region between 

the electrode and the slot or edge and may also flow through a region

i
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of similar dimensions or the side of the slot or edge remote from the

electrode.

If the apparatus has no electrode, the stream of gas is

caused to flow through a region or regions of similar dimensions to

the region or regions through which gas flows in apparatus having such

an electrode.

With a target at earth potential, the first potential

applied to the liquid may he 1 to 20KV and the second potential may he

at or near earth potential, as disclosed in our !UL.apo. ni-figcti<wa=»Ko··. 
ftppticua+ior, Ho. SlllCi/gS.

ιto 4.569-707.
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Alternatively, the target may be at earth potential, the 

first potential at 25 to 50KV, and the second potential at 10 to 40KV, 

as disclosed in our co-pending UK application No. 8432274·

Alternatively, the target and the first potential may both 

be at earth potential and the second potential above 5KV. In this 

case, the stream of gas sweeps the charged droplets away from the 

electrode and towards the target.

Preferably, the or each electrode comprises a core of

conducting or semi-conducting material sheathed in a material of 

dielectric strength and volume resistivity sufficiently high to 

prevent sparking hetween the electrode and the sprayhead and of volume 

resistivity sufficiently low to allow charge collected on the surface 

of the sheathing material to he conducted through that material to the 

conducting or semi-conducting core. Suitably, the volume resistivity
4 ·Ζ

of the sheathing material is between 5 x 10" and 5 x 10 J ohm cms.,
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the dielectric strength of the sheathing material is greater than 

15KV/mm and its thickness 0.75 to 5nms., preferably 1.5 to 5 mms.

<M-1
Sheathed electrodes of this form are also disclosed in our na.·? pendadagi 

App 11 cjsHvok No. SIllo/SS·. ,
ΠΚ npplinntinn Wn.:-B43fia?±,

If the sprayhead comprises one or more holes or points from 

which the liquid emerges, a single filament is formed at each hole or 

point. Alternatively, the sprayhead may comprise at least one slot or 

edge, in which case a plurality of mutually spaced filaments is formed 

at the or each slot or edge.

An outlet of the sprayhead may comprise conducting or semi­

conducting material which is contacted by the emerging liquid, in 

which case the means for subjecting liquid emerging from the sprayhead 

to an electrical field may comprise means for causing an electrical 

potential to he applied to the said conducting or semi-conducting 

material. Alternatively, the outlet of the sprayhead may be made of 

non-conducting material and an electrode may be arranged a short 

distance upstream of the outlet from the sprayhead such that the 

electrode is contacted, in use, by the liquid, and the means for 

subjecting liquid emerging from the sprayhead to an electrical field 

comprise means for causing an electrical potential to be applied to

the said electrode.

According to the invention there is also provided a process 

for spraying liquids comprising supplying a liquid to an electrostatic 

sprayhead, subjecting liquid emerging from the sprayhead to an 

electrical field sufficiently high for the liquid to be drawn from the
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sprayhead in the form of at least; one filament’· which subsequently

becomes unstable and breaks Up into droplets', and causing a stream of

gas to flow through the region of the high electrical field, the

stream of gas flowing in a direction parallel with or substantially

parallel with the direction in which liquid emerges from the sprayhead 
Volume of oaS

and the^velocity of the stream^being such that charged droplets are. 

removed from the said region, thereby to reduce a build-up in space 

charge which affects the magnitude of the electrical field.

Entraining the charged droplets in a gas stream which is

moving in the direction of the target increases the velocity of the 

droplets away from the sprayhead and towards the target, and hence 

increases the ratio of the droplet production rate to the number of 

droplets in the air between the sprayhead and target, especially in 

the vicinity of the sprayhead. This gives a corresponding reduction 

in space charge for a constant droplet production rate, or allows ε 

higher d??oplet production rate to be obtained.

Using a gas stream to reduce the effect of the space charge, 

and hence improve the atomisation, also has the advantage of improving 

the penetration of spray into electrostatically screened areas of the 

target.

·.· Our US Patent 4-356.528 mentions the use of an air-blast to

improve"penetration"of charged droplets into crops. Such an air-blast

j·, will first carry the charged spray through1existing gaps in the crop
• t < ft . . J : , : 7 :

*,,,ίί which otherwise would have been"electrostatically screened. Secondly,
•ft ■ '■ ■ : Y :, . ■ ■ ■ ' < ' : : : : ' / Y

at high air velocities, the air-blast will part the crop and make 

further openings for the spray to penetrate the crop. However, in US
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ePatent No. 4,356,528 the air-blast‘entrains the droplets’some distance 

away from the sprayhead, after they have moved’out of the atomising 

electrical field between the sprayhead’ and the field intensifying 

electrode. Since the atomising electrical field is created hy the

potential difference between the sprayhead and the earthed field 

intensifying electrode, and since this type of air-assistance gives no 

reduction in space charge in the vicinity of the sprayhead and the

field intensifying electrode, no improvement in atomisation is

expected and no such effect has been observed. 

iq Electrostatic spray guns which use air to atomise a liquid

and high voltages to charge the liquid are known· An electrostatic

spray gun which uses a combination of electric forces and air shearing 

forces to atomise the liquid has also been proposed. In this gun,

however, filaments are never allowed to form at the outlet from the

sprayhead, the air shearing drops from the electrostatically formed

cusps.

Air-assistance can also be used to control the shape of the

spray cloud.

Further, one problem with electrostatic spray guns is that 

2.0 dirt and liquid land on the sprayhead or nearby electrodes and upset 

the atomisation process. When air or some other gas is swept over the 

sprayhead and nearby·electrodes, as in apparatus according to the 

present invention, an accumulation of dirt and liquid is prevented.

By reducing the space charge,"gas or air-assistance also

allows a wider range0of liquids'to be sprayed. The charge-to-mass

ratio of the droplets produced hy electrostatic atomisation depends on

CO i I t9 C
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the droplet size and the physical parameters of the liquid. ·.·'In Y’■

particular, the charge-to-mass ratio is higher ,for"smaller droplets

and higher Yor lower resistivity liquids. · In a normal"electrostatic

sprayer, such as those described in our UK Patent No. 1.569-707,

7liquids with a resistivity below 5x10 ohm cms produce such highly

charged droplets that the space charge limits the flow-rate at which

they can be atomised to well below that for liquids with a resistivity 

8 10between 10 to 10 ohm cms. The use of a gas stream to

substantially reduce the space charge, enables liquids of a 

io resistivity down to 5 x 10^ ohm cms to he sprayed at acceptable flow­

rates.
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The invention will now be described, by way of example, with 

reference to the accompanying drawings, in which:-

Figures 1 to 5 are axial sections of electrostatic spraying 

apparatus according to the invention;

Figures 4 and 5 are graphs showing the volume mean 

distribution of droplet diameters (VMD) and the number median 

distribution of droplet diameters (NMD), respectively, for the 

spraying apparatus of Figure 3;

. Figures 6 and 7 are graphs showing the VMD and the NMD, 

respectively, for previously proposed electrostatic spraying 

apparatus;

Figures 8 and 9 are graphs showing the VMD and the NMD, 

respectively, for spraying apparatus which employs the shearing effect 

of an air-blast to cause atomisation;

Figure 10 is a graph showing the relationship between

ί ’ r
i
i
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droplet size and flow-rate for the apparatus of Figure 3; and

Figure 11 is a graph showing the reduction in droplet size 

with the velocity of the air stream in the apparatus of Figure 2.

The apparatus of Figure 1 is a simple annular electrostatic 

sprayhead 1 mounted at a lower end of a supporting tube 3 by means of 

a support 19· The sprayhead 1 includes two generally tubular elements 

5 and 7 made of a conducting or semi-conducting material such as 

aluminium. A tube 9 for the supply of liquid to the sprayhead is 

connected to a distribution gallery 11, which is in turn connected to 

an annular gap 13 between the elements 5 and 7· The element 7 extends 

downwardly below the element 5 to provide an outlet in the form of an

atomising edge 15·

The elements of the sprayhead 1 is connected to a high 

voltage generator (not shown) by a cable 17· The tube 3 and the 

support 19 are made of an insulating material.

An outlet of a pump (not shown) is connected to an upper end 

of the tube 3·

In use, the sprayhead 1 is arranged a short distance above a 

horizonal target, which is maintained at earth potential. Liquid is 

supplied to the sprayhead via the tube 9 and a high electrical 

potential is applied to the element 5· Finally air at a pressure 

below 0.4 p.s.i., preferably not greater than 0.25 p.s.i., is pumped 

down the tube 3 so that a moving air-stream flows over sprayhead 1, 

contacting the sprayhead at or near the location of the edge 15 ie. at 

or near the location at which liquid emerges from the sprayhead.

The rate of supply of liquid to the tube 9 is low.
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Accordingly, if there is no high potential on the element 5 the liquid

merely drips from the edge 15· The effect of applying the potential

to the element 5 is to establish an electrical field at the edge 15

ΙΟ

which is sufficiently high for the liquid to be drawn from the edge in

the form of a series of charged filaments or jets, each containing a

continuous stream of liquid. The filaments are equi-angularly spaced

about the axis of the sprayhead. When liquid in a filament has moved

a short distance away from the edge 15 the filament becomes unstable

and breaks up into charged droplets.

The air stream flows through a region adjacent the outlet

edge 15 of the sprayhead 1, where there is a high electrical field.

The direction of the air flow is downwards, ie. parallel or

ιι r) « (■ 4' (:
C »• A t• ft ft c
• I (:• ft : (EJ « t *
« * . ft * ft i ■ «.« t
• ftf ft xft « ft 1

substantially parallel with the direction in which liquid emerges from

the sprayhead, and the volume and velocity of the air are sufficient

to carry the charged droplets away from the region of the high

electrical field and to reduce the build-up in space charge.

Figure 2 shows a second apparatus according to the invention

ft ft. «a. ft» * (
« 4 14 & I« « *’■

XjO

which includes a sprayhead 31 having tubular elements 35 and 37, a

distribution gallery 41, a slot 43 and an atomising edge 45 which

forms an outlet orifice of the sprayhead, as in the apparatus of
4 ft Vft i. ■ 1/ft H Figure 1. A field intensifying electrode 47 is disposed coaxially of

■xi t:4 ft* f.Cw

the sprayhead 31j radially inwardly of and adjacent the atomising edge

45.

* 1 C C t *' ft ( The sprayhead 31 is mounted at one end of a generally

tubular insulating body 49 having a central support 51 on which the

field intensifying electrode 47 is mounted.
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A tube 53 is connected to the distribution gallery 41 , a 

cable 55 from a high voltage generator (not shown) is connected to the 

element 35 of the sprayhead and a cable 57 from a tapping on the 

generator is connected to the electrode 47·

The end of the body 49 serves as a housing for an electric 

motor, which has a propeller 61 mounted on a shaft thereof. Electric 

power is supplied to the motor 59 via a cable 63 from a low-voltage 

supply (not shown).

In use, a first potential is applied to sprayhead 1 via 

to cable 55, a second potential of smaller magnitude is applied to the 

field intensifying electrode 47 via the cable 35, and liquid is 

supplied to the sprayhead 31 through the tube 53·

The rate of supply of liquid is low and, in the absence of a 

potential on the electrode 47, the forces of surface tension are 

sufficient to cause the liquid to emerge from the edge 45 in the form 

of drops rather than a filament or jet. The effect of the potential 

on the electrode 47 and the resultant electric field at the edge 45 is

to cause liquid to be drawn out from the edge in the form of a series

of narrow, mutually spaced filaments or jets. After moving a short 

2,0 distance away from the edge 45, the filaments become unstable and

break up into charged droplets. When the motor 59 is energised, a

stream of air flows in an axial direction, along the outside of the

body 49 and through the region between the electrode 47 and the edge 

45, where there is a high electrical field. This air stream carries 

the charged droplets of liquid towards the target.

Figure 3 shows a cross-section of a linear sprayhead 71

ί
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mounted inside an insulating air-box 73·

The sprayhead 71 includes two mutually spaced, parallel 

arranged plates 75 and 77 of conducting or semiconducting material, 

between which is a channel 79 for liquid. At an upper end of the 

channel 79 there is a distribution gallery 81 which is connected via a 

tube 83 to a tank (not shown). The plate 75 extends downwardly below 

the plate 77 to provide a linearly extending atomising edge 85·

Associated with the sprayhead 71 are two mutually spaced, 

linear field intensifying electrodes 87 which extend parallel with and 

on respective opposite sides of the edge 85. The electrodes are 

spaced a short distance away from the edge 85·

Each of the electrodes 87 has a core of conducting or

semiconducting material and a sheath of a material having a dielectric 

strength and volume resistivity sufficiently high to prevent sparking 

between the electrode and the sprayhead and a volume resistivity 

sufficiently low to allow charge collected on the surface of the

sheathing material to be conducted through that material to the core.

The plate 75 of the nozzle is connected via a cable 89 to a 

high voltage generator (not shown) and the electrodes 87 are connected 

to the generator via further cables (also not shown).

In use, liquid is supplied to the sprayhead 71 via the tube 

83 and flows downwardly via the gallery 81 and the channel 79 to the 

atomising edge 85· A voltage ia applied to the plate 75 via the 

cable 89» a voltage V^, less than Vp is applied to the electrodes 

87, and a target (not shown) which is disposed below the sprayhead 71 

and electrodes 87 is maintained at earth potential. Liquid emerging

00004ft/.«/// 7»
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from the atomising edge 85 of the sprayhead 71 forms a series of 

filaments which are mutually spaced in a direction lengthwise of the 

edge 85· The liquid in each filament becomes unstable and breaks up

. into droplets a short time after leaving the edge 85·

When air is pumped into the air-box 73 it exits at high

velocity through the regions between the edge 85 and each of the 

i electrodes 87, where there is a high electrical field. Charged

■ droplets in this region of high field intensity are swept downwardly 

away from the sprayhead 71 and towards the target.

io It will he appreciated that a field intensifying electrode

may be included in the apparatus of Figure 1. This electrode may be 

disposed radially inwardly of the atomising edge 15 (as in the case of

; the electrode 47 in Figure 2) or it may be radially outwardly of the
t r i. . . : . ' ■ ' f ' : /

! ic:r edge 15. In some cases there may be two electrodes, one radially
7 ■ · « I t / \ J ; 7 / : ' ; '

■ ft tt ■ ■ ?' . ' : 7 ' ' : ■
inwardly and the other radially outwardly of the atomising edge.

·· ■ ■ ■ . . ' 7 J . / < : 7 : 7 .

Ϊ · ,7 Likewise, an apparatus having a linearly extending atomising
■ ■ ■ · ■ · « ■ : - 7 ' 7 - ' ■ /

*■»· ·* edge, as shown in Figure 3, may have only a single, linear field 

intensifying electrode or there may be no field intensifying
7-^ I · ' * :· ’ 7 ' ■ 7 ' ■ ' 7 . ' : 7 ' ; : 7 7 : ■ ' 7 / . 7 / ■ ■ 7 7 77

J *♦!..* electrode, as in the sprayhead shown in Figure 1.

''••••Φ· ■ ■ 7 - '
... j_© In each of the apparatus described above, liquid emerging

from a sprayhead is subjected to an electrical field which is 

established by applying a first electrical potential to a conducting 

or semiconducting part of the sprayhead or to an electrode in a 

sprayhead of non-conducting material and maintaining a target at some 

other potential, usually earth potential. In some cases there is a 

field intensifying electrode which is also maintained at a

1
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predetermined potential.

If there is no air flow past the sprayhead, the potential 

applied to the field intensifying electrode is suitably -20KV and the 

potential applied to the sprayhead is suitably -3OKV. Negatively 

charged droplets are attracted to the electrode but there is a much 

stronger and dominating attraction towards the earthed target. The 

charge from the few droplets which are deposited on the electrode 

flows through a high value (eg. 1OGjL.) resistor connecting the output 

of a generator supplying the potential to the electrode to earth. If

io the potentials on the electrode and the sprayhead are reduced, whilst 

keeping the differential potential constant, the level of 

contamination of the electrode rises to an unacceptable degree. 

However, with an air flow past the sprayhead it is found that 

satisfactory operation can be obtained with -1OKV on the sprayhead and

OKV on the electrode.

In further apparatus according to the invention, a field 

intensifying electrode is maintained at +1OKV and the sprayhead is 

merely connected to earth potential. Negative charges are induced in 

liquid emerging from the sprayhead and the liquid on the atomising

χο edge of the sprayhead assumes an "image" charge roughly equivalent to 

the charge which would be produced by applying a potential of about 

-10KV to the atomising edge. The negatively charged droplets are 

strongly attracted to the positive electrode, and would normally all 

be deposited thereon, but because the droplets are entrained in a high 

velocity stream of gas they are swept away from the vicinity of the 

electrode. By the time the gas stream has slowed sufficiently to 

allow some freedom of movement they are far enough away to be

.-.4$
' I -
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preferentially attracted to the earthed target.

It will be appreciated that the field intensifying electrode

can be maintained at -10KV, which gives rise to positively charged 

droplets.

In the apparatus described above, air flows parallel or

substantially parallel with the direction in which liquid emerges from 

each sprayhead. In fact there can be an angle not greater than 30° 

between the direction of the air flow and the direction in which the

liquid emerges from the sprayhead.

io In the apparatus according to the invention which has been

described above, the moving air-stream does not disrupt the filament

formation or the subsequent break-up of the filaments into droplets.

It is an important feature of the break-up of a filament that the 

diameter of the primary droplets so produced are constant and are 

directly related to the diameter of the filament. (See Adrian G 

Bailey, Sci. Prog., Oxf (1974) 61, 555-581). In addition, satellite 

droplets are sometimes produced which have diameters much smaller than 

the primary droplets. In theory, electrostatic sprayers according to 

the invention produce filaments of equal diameters which are equally 

f / 2.0 spaced along the atomising surface of the sprayhead, and hence a mono­

disperse spectrum of primary droplet sizes should be produced. In 

practice, limitations on mechanical tolerances give slight variations 

in the electric field and liquid flow-rate at different points of the 

sprayhead and the primary droplets produced form a narrow spectrum of

diameters.
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Figure 4 of the drawings shows a typical volume 
distribution of droplet diameters and Figure 5 the 
corresponding number distribution of droplet diameters for 
a sprayer of the form shown in Figure 3. The sprayer has 
a linear nozzle which is 50 cms long and is maintained at 
earth potential, a liquid flow-rate of 1.8cc/sec. and 
field intensifying electrodes at -10KV. Figures 6 and 7 
are similar distributions for a similar sprayer which has 
no air-stream through the region of the high electrical 
field, the nozzle being maintained at -30KV and the field 
intensifying electrodes at -20KV. The fact that the 
distributions of Figures 6 and 7, without air-assistance, 
indicates that the moving air-stream does not disrupt the 
filament formation and subsequent break-up into droplets. 
In contrast, Figures 8 and 9 show a typical volume and 
number distribution for a sprayer using air-shear to 
atomise the liquid.

One measure of the dispersion of the droplet spectrum 
is the ratio of the volume median diameter to the number 
median diameter (VMD/NMD). For sprayers in which 
filaments are formed by electrical fields and the 
subsequent break-up into droplets is due to hydrodynamic 
forces, such as the sprayers of Figures 1 to 3, this ratio 
is often below 1.1, and generally below 1.5. For most 
air-shear sprayers, with or without electrostatics, this 
ratio is generally above 2 and often above 5.

To ensure that the moving air-stream does not disrupt 
the formation and break-up of the filaments, the sprayhead 
in apparatus according to the invention is preferably 
adapted to spray predominantly in the general direction of 
the target, and. the air-stream is directed predominantly 
parallel to· this direction. It is possible, however, for 
the sprayhead to be adapted to spray radially relative to 
the general direction from the sprayhead to the target and 
for the air-stream to be directed towards the target.
This suffers from the disadvantages that it is difficult

-17-
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to avoid turbulence near the sprayhead, which upsets the 
atomisation process, and that the volume of air must be 
carefully controlled to achieve satisfactory performance.

In apparatus according to the invention, it is the 
velocity of the air-stream which effects improvements in 
atomisation. In order for the air-stream to give 
significant reductions in the space charge, the air-stream 
to give significant reductions in the space charge, the 
air-stream should give a significant increase in velocity 
to the droplets issuing from the sprayhead. If the 
velocity of the air-stream is an order of magnitude 
smaller than the velocity of the droplets, there will be 
only a small reduction in space-charge and negligible 
improvements in atomisation. If the velocity of the 
air-stream·is much larger than the velocity of the 
droplets when no air-stream is applied, the effect of 
space charge in suppressing atomisation will have mostly 
been removed, and optimal improvements in atomisation will 
result.

Figure 10 shows the improved performance in terms of 
reduced droplet size for a given liquid flow-rate of a 
sprayer similar to that shown in Figure 3 air being 
supplied at a rate 10m.^/minute, and a similar sprayer 
having no air-assistance. In each case the sprayer has a 
linear nozzle maintained at 40KV and spaced 40 cms from a 
target. Figure 11 shows the effect on drop size of 
increasing the velocity of the air-stream near to the 
sprayhead in apparatus of the form shown in Figure 2, 
there being a potential of 40KV on the nozzle, 20KV on the 
field intensifying electrode and a Spacing of 40 cms 
between the nozzle and the target.

In apparatus such as that shown in Figure 1, where 
there are no field intensifying electrodes, the difference 
between the first potential on the sprayhead and the

U
S? -18-



U t ¢- 
* <· ,
cc ·>

c t t - < *
•c re

target potential, normally earth, is sufficiently large to 
create an atomising electric field at the outlet from the 
sprayhead, whereby the liquid is drawn out into filaments, 
which break-up into droplets, which move towards the 
target in the air-stream. Typically, the first potential 
is 50KV or more, the precise value depending upon the 
spacing between -the sprayhead and the target.

In apparatus such as that shown in Figures 2 and 3, 
field intensifying electrodes placed adjacent to the 
sprayhead, and means are provided for applying a second 
potential to these electrodes. In such apparatus the 
difference between the first potential applied to the 
sprayhead and the second potential applied to the 
electrodes is sufficiently large to create an atomising 
electric field at the outlet of the sprayhead, whereby the 
liquid is atomised and carried towards the target as 
described above. If the target is earthed, the first 
potential may be 30KV and the second potential 20KV. In 
this case the

-19- i
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electrostatic forces cause the droplets to he accelerated through the 

moving air-stream towards the target. Alternatively, the first 

potential and the target may both he earthed, whilst the second 

potential is 10KV. In this case, the droplets are carried hy viscous 

drag forces against the electrostatic forces towards the target hy the 

moving air-stream, until they are again attracted electrostatically to 

the target.

Whilst the apparatus of Figures 1 to 3 has been shown as 

spraying downwardly, each apparatus can he made to spray in any

io direction.

·» «• ft 9' ft ·
• ftftft ft. ft
• ftft e

ft ft ft ft ft . ftft ft ft «

9 ft o 
• ft 4 
ft * 9 »

• «&·
• ft C

• ft 9• · ft
« ftft

ί. ·
ft » » «

I····<< (<

( , 
ί ;

J J
-: ?

ί



S· \!i

4

-21

io

»ft j: 
» » j• I f

The Claims Defining the Invention are as Follows,

1. An electrostatic spraying apparatus comprising an

electrostatic sprayhead, means for supplying a liquid to the 

sprayhead, means for subjecting liquid emerging from the sprayhead to 

an electrical field sufficiently high for the liquid to be drawn from

the sprayhead in the form of at least one filament which subsequently

becomes unstable and breaks up into droplets, and means for causing a

stream of gas to flow through the region of the high electrical field, 
voluble '/αίοά/ί.· Cif
the^stream of gas being insufficient to disrupt the formation of 

filaments but sufficient to remove charged droplets of liquid from the

said region, thereby to reduce a build-up in space charge which

affects the magnitude of the electrical field.

4 .» ιft ft ft C
ft « 1 0 « <ft « 4 t

2. An electrostatic spraying apparatus as claimed in claim 1, 
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wherein there is an angle not greater than 30 between the direction

in which the liquid emerges from the sprayhead and the direction in

which the gas flows.

3- An electrostatic spraying apparatus as claimed in claim 1 or

2, wherein the means for causing a stream of gas to flow through the 

region of the high electrical field are such that the velocity of the 

gas stream is equal to or greater than the velocity of the droplets in 

the absence of the stream of gas.

4· An electrostatic spraying apparatus as claimed in any one of

the preceding claims, wherein at least a part of the stream of gas

; ι
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flows within 1.5 cms. of the or each location at which 

liquid emerges from the sprayhead.
5. An electrostatic spraying apparatus as claimed in 
any one of the preceding claims, wherein the said at least 
part of the stream of gas flows within 5 mms. of the or 
each location at which liquid emerges from the sprayhead.
6. An electrostatic spraying apparatus as claimed in 
any one of the preceding claims, wherein the stream of gas 
contacts the sprayhead at or near the or each location at

10 which liquid emerges therefrom.
7. An electrostatic spraying apparatus as claimed in 
any one of the preceding claims, wherein the said means 
for causing a stream of gas to flow through the region are 
adapted to supply gas at a pressure not greater than 0.25 
pounds per square inch.
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from the sprayhead.

5· An electrostatic spraying apparatus as claimed ip^any one of

the preceding claims, wherein the said at least part^df the stream of 

gas flows within 5 mms. of the or each locatiop^at which liquid 

emerges from the sprayhead.

6. An electrostatic spraying^apparatus as claimed in any one of

the preceding claims, whereipZthe stream of gas contacts the sprayhead 

at or near the or eachYTocation at which liquid emerges therefrom, 

io 7· An electrostatic spraying apparatus as claimed in any one of

the preceding claims, wherein the said means for supplying gas are 

adapted to supply gas at a pressure not greater than 0.25 pounds per 

requnrc inch·--------------------------------- ------------------- ■-------------- ■---------------------- .---------------------------- -

8. An electrostatic spraying apparatus as claimed in any one of

the preceding claims, wherein the means for subjecting liquid emerging

from the sprayhead to an electrical field comprise means for causing a

first potential to be applied to liquid emerging from the sprayhead, 

and means for applying a second potential to a target towards which 

the emerging liquid is directed, the difference between the first and 

20 second potentials being sufficient to cause formation of the said

filament or filaments.

9· An electrostatic spraying apparatus as claimed in any one of

claims 1 to 7, wherein an electrode is mounted adjacent to the 

sprayhead, and the means for subjecting liquid emerging from the 

sprayhead to an electrical field comprise means for maintaining the
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electrode at an electrical potential, and means providing a return 

path for the flow of electrical charge between the sprayhead and the 

target.

10. An electrostatic spraying apparatus as claimed in any one of 

claims 1 to 7, wherein an electrode is mounted adjacent to the 

sprayhead, and the means for subjecting liquid emerging from the 

sprayhead to an electrical field comprise means for causing a first 

potential to be applied to liquid emerging from the sprayhead, and 

means for maintaining the electrode at a second potential, the

10 difference between the first and second potentials being sufficient to

cause formation of the said filament or filaments.

11. An electrostatic spraying apparatus as claimed in claim 10, 

wherein the sprayhead comprises one or more holes or points or an 

annular orifice from which the liquid emerges, the electrode is 

disposed radially outwardly of the said one or more holes or points or 

orifice, and the stream of gas is caused to flow through the region 

between the electrode and the said one or more holes or points or

orifice.

12. An electrostatic spraying apparatus as claimed in claim 10 

2o or It, wherein the sprayhead comprises one or more holes or points or

an annular orifice from which the liquid emerges, the electrode is 

disposed radially inwardly of the said one or more holes or points or 

orifice and the stream of gas is caused to flow through the region 

between the electrode and the said one or more holes or orifice and/or 

through a region of similar dimensions which is disposed radially
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outwardly of the said one or more holes or points or orifice.

13· An electrostatic spraying apparatus as claimed in claim 10

or 11, wherein the sprayhead comprises a linearly extending slot or 

edge from which the liquid emerges, and a pair of mutually spaced, 

linearly extending electrodes extend parallel with the slot or edge on 

respective opposite sides thereof, the stream of gas being caused to 

flow through the regions between the slot or edge and each of the

electrodes.

14· An electrostatic spraying apparatus as claimed in claim 10

or 11, wherein the sprayhead comprises a linearly extending slot or 

edge from which the liquid emerges, and a linearly extending electrode 

which extends parallel with the slot or edge, the stream of gas being 

caused to flow through the region between the electrode and the slot

or edge.

15· An electrostatic spraying apparatus as claimed in claim 14,

wherein the stream of gas is caused to flow through a region of 

similar dimensions on the side of the slot or edge remote from the

electrode.

16. An electrostatic spraying apparatus as claimed in any one of

claims 10 to 15, wherein for spraying a target at earth potential, the 

first potential is 1 to 20KV, and the second potential is at or near 

earth potential.

17· An electrostatic spraying apparatus as claimed in any one of

claims 10 to 15, wherein for spraying a target at earth potential, the 

first potential is 25 to 50KV, and the second potential is 10 to 40KV.
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18. An electrostatic spraying apparatus as claimed in any one of

claims 10 to 15, wherein for spraying a target at earth potential, the 

first potential is earth potential, and the second potential is above

5KV.

19· An electrostatic spraying apparatus as claimed in any one of

claims 10 to 18, wherein the or each electrode comprises a core of 

conducting or semiconducting material sheathed in a material of

dielectric strength and volume resistivity sufficiently high to 

prevent sparking between the electrode and the sprayhead and of volume

IO resistivity sufficiently low to allow charge collected on the surface 

of the sheathing material to be conducted through that material to the

conducting or semiconducting core.

20. An electrostatic spraying apparatus as claimed in claim 19,

wherein the volume resistivity of the sheat:ing material is between 

11 135 x 10 and 5 x 10 ohm. cms., the dielectric strength of the 

sheathing material is greater than 15KV/mm., and the thickness of the 

sheathing material is 0.75 to 5mms.

21. An electrostatic spraying apparatus as claimed in claim 20, 

wherein the thickness of the sheathing material is 1.5 to 3mms.

to 22. An electrostatic spraying apparatus as claimed in claims 1

to 7, wherein the sprayhead comprises one or more holes or points from 

which liquid emerges, and a single filament is formed at each hole or 

point.

23· An electrostatic Bpraying apparatus as claimed in any one of

claims 1 to 7, wherein the sprayhead comprises at least one slot or
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edge, and a plurality of mutually spaced filaments is formed at the or 

each slot or edge.

24· An electrostatic spraying apparatus as claimed in any one of

the preceding claims, wherein an outlet of the sprayhead comprises 

conducting or semiconducting material which is contacted by the 

emerging liquid, and the means for subjecting liquid emerging from the 

sprayhead to an electrical field comprise means for causing an 

electrical potential to be applied to the conducting or semiconducting

material.
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25· An electrostatic spraying apparatus as claimed in any one of

claims 1 to 23, wherein an outlet of the sprayhead is made of 

non-conducting material, an electrode is arranged a short distance 

upstream of the outlet from the sprayhead and at a location such that 

the electrode is contacted, in use, hy the liquid and the means for 

subjecting liquid emerging from the sprayhead to an electrical field 

comprise means for causing an electrical potential to be applied to

the said electrode.

26. A process for spraying liquids comprising supplying a liquid

to an electrostatic sprayhead, subjecting liquid emerging from the 

sprayhead to an electrical field sufficiently high for the liquid to 

he drawn from the sprayhead in the form of at least one filament which 

subsequently becomes unstable and breaks up into droplets, and 

causing a stream of gas to flow through the region of the high 

electrical field, the stream of gas flowing in a direction parallel 

with or substantially parallel with the direction in which liquid

1
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emerges from the sprayhead and the volume and velocity of 
the stream of gas being sufficient to remove charged 
droplets from the said region, thereby to reduce a 
build-up in space charge which affects the magnitude of 
the electrical field.
27. Apparatus as claimed in claim 1 or 2, wherein the 
stream of gas flows in a direction parallel with or 
substantially parallel with the direction in which liquid 
emerges from the sprayhead.
28. An electrostatic spraying apparatus as claimed in 
claim 1 substantially as hereinbefore described with 
reference to any one of the drawings.
29. A process as claimed in claim 26 substantially as 
hereinbefore described with reference to any one of the 
drawings.
DATED: 20 November 1989.
PHILLIPS ORMONDE & FITZPATRICK 
Attorneys for:
IMPERIAL CHEMICAL INDUSTRIES PLC
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