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Abstract The investigation presented here is aimed at 
contributing to the understanding of the origins of tonal 
emission at twice mains frequency (2f = 100 Hz) from 
high voltage transmission lines and to assess property 
changes which may help to reduce such emissions. As 
water drops play a crucial role in the emissions 
phenomenon, their behaviour and life on various surfaces 
and under the influence of the electric field have been 
studied.  
Key Words High voltage lines; Corona; Partial 
discharges; Acoustic noise; Water drop; Drop statistics. 

INTRODUCTION 

Because of its potential impact on local noise 
environments the tonal emission from high voltage lines 
[1] [2] has been receiving increasing attention [3] [4] [5]. The 
processes involved in the emission have been 
quantitatively assessed [5] and interpreted as a chain of 
events taking its origin from water drops periodically 
deformed in the electric field [6] leading to discharges at 
their apex and thus to injection of ions around the 
conductor. These ions take up energy from the electric 
field which is converted into heating of a cylindrical 
volume along the line. This represents an efficient sound 
generator even when the temperature increase is very 
small [5].  

A model based on these processes is to serve for the 
prediction of noise levels, taking line configuration, 
conductor surface properties and meteorological factors 
into account.  

In laboratory experiments a remedy against tonal 
emission after precipitation is seen in the reduction of the 
population of readily deformable water drops on the 
conductors by encouraging runoff and drying as well as 
attaining drop shapes less subject to deformation. At low 
rain rates and after the cessation of rain the surface 
properties of the conductor control the lifetime of drops 
by influencing their shape, their retention, their runoff 
and conductor drying. As the ensemble of water drops 
forms the most important source of charge injection and 
as drop oscillation and drop instability in the electric field 
depend on drop size, drop populations and their 
development are investigated. 

EXPERIMENTAL OBSERVATIONS 

Accepting that water drop deformation in the electric 
field is involved in generating tonal emission from 
overhead high voltage lines, small scale facilities (parallel 
plate discharge gap) have been set up for laboratory 
investigation of the single drop deformation in DC and 
AC fields. Experiments showed that the instability 

voltage of drops increases with a reduction of the contact 
angle [4] [7]. This emphasizes the motivation for using a 
hydrophilic conductor to reduce the discharge activity.  
To prove the hypothesis regarding the noteworthy 
reduction of sound emission by using a suitable 
hydrophilic treatment of the conductors, a series of 
surface preparations (untreated, sandblasted and hydro-
philic coated) on model aluminum conductors as well as 
on real conductor cables have been investigated. Some 
hydrophilic treatments were silica based and others 
titania based. A typical experiment involves spraying the 
central section of 1.5 m long conductors by means of a 
nozzle, mean rain rate 100 mm/h, for 4 minutes followed 
by a drying period of 30 minutes or more.  
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Fig.1 Z type real conductor, 32.4 mm diameter      

a) untreated  b) hydrophilic c) tonal emission during and 
after a rain period of 4 min, heavy rain and constant 

voltage, 100 kVeff 
 

The search for a suitable coating is still in progress. This 
should promote fast drying of the conductors on cessation 
of rain and thus show a rapid decay of acoustic emission. 
At low rain rates and after the cessation of rain the surface 
properties of the conductor control the lifetime of drops 



 

 

by influencing their shape, their retention, their runoff 
and conductor drying and thereby the sound level during 
rain and the desired subsequent recovery of quiet 
conditions.  
The silica based hydrophilic coating appears to have  
potential for use on high voltage transmission lines, since 
it showed its hydrophilic effect persisting in storage for 
over a year without any further treatment. In the 
laboratory, model conductors as well as ‘real cables 
(standard and ‘Z’ type) have been investigated. Model 
conductors are rigid straight tubes or rods with a 
macroscopically smooth surface. They have been chosen 
for experiments, since their cylindrical shape and their 
rigidity generate, under voltage, a fairly uniformly 
distributed electric field around the conductor. ‘Real’ 
conductors are stranded, in standard form composed of 
round aluminum wires arranged around a core; in 
‘Z’-type cables the outer strands are shaped to give a less 
undulating outer contour. As an example the case of an 
18.9 mm diameter real cable is reported in Fig.1 to 
compare the effect of different treatments/coatings with 
respect to appearance and to noise emissions.  
The application of the silica based hydrophilic treatment 
to some Z real conductors showed a significant and useful 
effect regarding acoustical 100 Hz emissions after 
cessation of rain (Fig.1c) as well as partial discharges 
(Fig. 2), particularly with the lower surface field strengths. 
During heavy rain, the use of a hydrophilic coating 
showed a decrease in tonal emission of few decibel, 
which the human ear could hardly perceive. When these 
are hydrophilic, the main discharge sources are large 
water drops more or less stationary on the underside of 
the cable. It should be emphasized that an important 
property of hydrophilicity is its promotion of water runoff 
on inclined surfaces. This applies also to the underside of 
conductors where drops will run along the cable until 
they reach a suitable drop-off site, this is effective with 
quite modest inclinations and is then causing an even 
faster decay of sound emission (see below).  
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Fig.2 Total charge transport in pulses carrying between 

0.6 and 12.4 nC for HV real cables of different diameters 
at 100 kVeff. 

 

In real cable installations a major part of the line tends to 
be inclined, even on level ground due to the sag of the 
suspended cable.   

Another promising treatment for HV lines is a titania 
based commercial coating which is claimed to have 
photocatalytic properties, activated by exposure to 
daylight. Earlier hydrophilic treatment of a model 
conductor [3] had been based on a titania coating. As this 
showed promise, commercial titania-based coating on 
model conductors has been obtained. This has been 
exposed to the elements (rain, ice, snow) for a number of 
months and was found to retain perfect wettability 
indoors for several days without further exposure to light. 
With this coating there are no water drops remaining on 
the upper side of the conductor; if the conductor is 
slightly inclined (3°-6°), drops forming on the underside 
progress to the lowest point. With a few mm/h rain rate 
one initial drop runs along the underside, from then on 
water reaches the low end without forming any 
conspicuous drops. This behaviour is reflected in the 
tonal sound emission which falls to near the background 
level almost within seconds of the rain ceasing (15 dB 
decrease).                                        
The drying of different conductors and treatments and 
thus the decay of 100 Hz tonal emission at a constant 
applied electric field of 20 kVeff/cm and with the mean 
rain rate of 100 mm/h for 4 minutes are schematized in 
Tab. 1. With a hydrophilic preparation, water drops 
spread in the coating and go to the underside of the 
conductor accelerating the drying of the conductor and 
thus the recovery of the background level. The drying 
period was observed to be between rather less than 5 min 
(for a model conductor inclined to 3°) and 23 min (for a 
real conductor). With untreated conductors the emissions 
persist for a longer time after the cessation of rain.  

Tab.1 Drying period for return of sound emission to 
background level for different model and real 

conductors/treatments 

Conductor type Drying period [min] 

Al untreated 45 ± 10 

Al hydrophilic 20 ± 5 

Al hydrophilic inclined << 5 ± 1 

Al sandblasted  15 ± 5 

Al sandblasted inclined 5 ± 1 

Standard real untreated 45 ± 10 

Standard real hydrophilic  23 ± 5 

Z cable untreated 30-45 ± 10 

Z cable hydrophilic  20 ± 5 

 

 



 

 

DROP STATISTICS 

The ensemble of water drops forms the most important 
discharge source and the drop oscillation and drop 
instability in the electric field depend on drop size, so 
drop populations and their development have been 
recorded to provide input data for the sound generation 
model. 
In order to set up a model which satisfactorily represents 
the population of the droplets on conductors, an 
observation and an evaluation of the behaviour of drop 
number and size as function of time, geometry, electric 
field at the conductors, contact angle and thus surface 
properties have been carried out. To find out 
automatically number, size and connected distribution of 
the drops which remain on the conductors after the rain 
period a Matlab script has been implemented.  
 

a)  5 min after rain  

 
b) 15 min after rain 

 
c) 25 min after rain 
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Fig. 3 Drop population and 100 Hz sound emission in 
dependence upon time elapsed since the cessation of rain.   
Model conductor, 20 mm diameter, untreated aluminium, 

100 kVeff. Background level ~ 35 dB. 
 
 

The program mentioned needs as input high-quality 
pictures of droplets; this condition has been properly met 
only by means of adding a fluorescent substance to the 
‘rain’ and illumination by a UV source.  
The statistical distribution of drop sizes on hydrophobic 
or untreated model conductors showed a significant 
reduction of the drop volume of the order of 40% after 
only 1 minute high voltage application (100 kVeff).  
Variation of field strength with constant rain leads to 
changes of the drop populations. Several minutes after the 
rain period the small drops disappear (see Fig. 3) and thus 
the character distribution of the distribution changes with 
time.   

CONCLUSIONS 

•  Certain coatings on model conductors have 
demonstrated properties which could lead to a 
significant suppression of sound emission and 
reduction of corona loss during and particularly 
after rain. 

•  Corresponding treatments of real conductors 
showed a significant and useful effect regarding 
acoustical emissions after cessation of rain but 
their efficacy and durability have still to be 
proved. 

•  Further assessment of drop size statistics – using 
the code formulated here – are desirable to 
provide input data for an ab-initio sound 
emission model. 
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