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Abstract: This paper is aimed to the experimental study anslirface of the droplet or on the interface betvikemroplet

numerical calculation of the partial discharge imt®n of  and the dielectric [24-28]. The inception conditoare
water droplets at the surface of PTFE insulatoHWAC.  nction of the instability electrical critical fié of the

The experimental results show that the partial ldésge droplet as mentioned in several studies [12-23]e Th

inception voltages depend on the size of the displeeir . ; . . -
numFl))er and thge sepaeate distance between therez::l(‘s physical mechanism of these discharges is explaiitd

show that the inception voltages are function efglze of the streamer theory in divergent figlb,26} The corona
the droplet in contact with the HV electrode angeleds onset electrical field at the surface of polymenisulator
also on the size of opposite droplet and the separawith the presence of water droplet is about 5kVma

distance between them. The calculated electriell Shows  7v//cm [25,26]. Those values are function of the droplet

that the maximum field intensity is situated atititerface . Lk -
) . . size and the contact angle of the droplet withdileéectric
between the droplets and the dielectric and chavitethe surface. On other hand. the distance between thaeds

size, number and the separate distance between them ) ) X ;
has an influence on the PD inception voltage arilr th

Key words. Flashover, hydrophobic, droplet, insulator, localization. So, behaviour of water droplets under
partial discharge, corona. voltage application has not been sufficiently and
_ gquantitatively investigated. For this reason, wespnt
1. Introduction _ _ in paper a parametric study of the PD inceptiotagsl
Flashover of pO”Uted insulator is one of the mO%nd electrical field at the surface of hydrophdh]t
important problems in electrical networks [1, 2B 5 jator as function of the volume and the nundtier

studies have been done for understanding thiser groplet and the separation distance between
phenomena and it interaction with the atmospherjfoy,

pollution [3,4]. In the earlier years, compositstifator
was used and they present good performances angxperimental setup and results
polluted areas because these hydrophobic The experimental device is presented in Fig.is. It
characteristics [5-7]. However, this hydrophobidsty constitutes of an HVAC generator 50 kV/ 5 kVA, the
lost and the dielectric will be hydrophile. Thereth test object and a camera connected to a monittindor
behaviour of the insulator depends on the time gfsualization of the discharges. The test objeatfiat
recuperation of the hydrophobicity [8-11]. insulator on Plexiglas coated with 1 mm of thiclees
On other hand, the presence of water droplets WHFTE (Fig. 2). The total length of the insulatof.@s
changes the electric field and the voltage distidou cm and its width is 2 cm. The high voltage is agupto
along an insulator surface and may cause corona apéooper rod of 2.5 mimThe grounded electrode is an
partial discharge at the dielectric surface [124ha} aluminium band. The applied voltage is measureal wit
leads to flashover. Many investigations have begjeak voltmeter on the control panel.
carried out in order to study the effect of corona The droplets of water are deposed at the surface of
discharge and partial discharge on the performanage insulator. Their size, number and disposition a
and the degradation of polymer insulating matdnal variable. Each test is realized with total darkniess
corona discharge from water droplet [12-23] on HVAGrder to visualize the PD. We measured at eacthest
and HVDC. PD inception voltage of the droplet in contact with
Corona discharges —CD- and partial discharges —PPry/ electrode. We choose two sizes of the droplet;
that appear at the droplet of water provoke therdetition \/, = 100 ul andV, = 150 pl. In the case of two

of the dielectric and increase the hydrophobicity qyiats the separate distances between them are;
recuperation time [8-11 Those discharges appear at thg( -2 5,Cm and,=5 cm ’
1 — £. 2— .
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Fig.1: Experimental device.
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c: two dropletsX=5 cm. d: two dropletsX=2.5 cm.

Fig. 2: Studied Configurations.

Fig. 3 to 6 illustrate the variation of the PD
inception voltagdJepinc as function of its volume and

volume (size). In first step, it can be explainathvhe
relation proposed by Melcher and Smith that suggest
that the critical electrical field of a dropletiiersely
proportional to its volume [28]

1
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cri r3y ( )
wherer is the radius of the droplet its massy is the
mechanical interface force aka constant.

The instability of the droplet occur when the
intensity of the electrical critical field.; became
stronger then the water gravity forgand the force.

This instability engenders “Taylor cones” that ks
corona discharge that involves to local partial
discharges.

In the case of two droplets, we remark that the PD
inception voltageJppinc is function of the volume of
the droplet in contact with the HV electrode, the
volume of the opposite droplet and the separate
distance between them. When the volume of the
droplet in contact with the HV electrodedg(Fig. 4),
we observe thallppinc is approximately constant when
the separate distance is 2.5 cm. The same obgervati
is for the case of a droplet in contact with the HV
electrode an& =2.5 cm (Fig. 5). The presence of the
second droplet stabilized the voltage inception.

When the separate distanc&is5 cm, we remark
that the volume of the droplet present an effedhen
PD inception voltage (Fig. 4 and 5). When the vaum
of the droplet in contact with the HV electrodeVis
we observe thalppic increase with the volume of

opposite droplet (Fig. 4). In the case of a droyglan
contact with the HV electrode, we observe g

the number of droplets with different values of@ete  jaocrease with the volume of opposite droplet (5)g.

distances between thefn
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Fig. 3: Variation olUpp;,c With different volumes.
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Fig. 4: Variation ofUpp;,. for a droplet of volumé/; in

contact with the HV electrode f&=2.5 cm andX=5 cm.

In the case of one droplet in contact with the HV

electrode, Fig. 3 shows that the PD inception galta

Uppinc decreases with the increasing of the droplet
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Fig. 7:Numerical FEM 2D one droplet model.
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Fig. 5: Variation ofUpp;,. for a droplet of volumé/, in
contact with the HV electrode f&=2.5 cm andX=5 cm. w
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Fig. 6 present a synthesis of the measure and *
illustrates the variation of the of the PD inceptio
voltage Uppinc @s function of the separate distance
with different volumes of droplets.
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Fig. 8:Numerical FEM 2D two droplets model.
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Fig. 6: Synthesis of the variation tkpj,. with different RE s Hiw
volumes forX=2.5 cm andX=5 cm. ey pes
The results of Fig. 4 to 6 show that the PD incepti == ke

voltageUppinc is function of the volume of the droplet UD 0K WS U6 O W8 08 01 G 02 013 00 05 GE 0T BB OF 12 by e

in contact with the HV electrode, the volume of theig. 9: Distribution of electrical field and voltagor a
opposite droplet and the separate distance betwesnfiguration of one droplet.

them. The values oUppine are proportional to the

volume (size) of the droplets and the separatamist St S (i el St ARSI
between them. The presence of a second droplet ha' L e
an influence oJppinc howeverthe distribution of the ™ .
volume of the droplets. »
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3. Electrical field calculation

In order to estimate the PD electrical field incapt
of the droplet, we used the FEM method in 2D. The
droplet are represented as quasi-sphere with .. o ) ] )
respectively radius of 4.25 mm fof = 100 pl and Fig. _10: D_|str|but|on of electrical field and voyfa for a
4.75 mm forV, = 150 pl. The values of the relativeconfiguration of two droplets,-V, for X =2.5 cm.
permittivity are 80 for water, 3.3 for Plexiglasde®. 1
for PTFE. The voltage is applied to the rod in echt
with the droplet. Fig. 7 and Fig. 8 present theduse
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Fig.13: Zoom of the electrical field distributioorfthe

Fig. 11: Distribution of electrical field and voffa for a droplet in contact with the HV electrode for V..
configuration of two droplet¥;-V, for X =5 cm.

Fig. 12 and 13 present the variation of electrical Fig. 13 to 15 give examples of the variations ef th
field and the equipotential lines for a configuvati/;-  electrical field along the insulator as functiontbé
V, with a separate distan®e=5 cm. We remark that volume of droplets, their number and the separate
the electrical field is important at the interfassween distance between them. The calculations are dane fo
the droplet in contact with the HV and the dieliectr different height fo_rm the insulator surface; at the
This result is available for all the studied®TFE. 1 mmfromitand 4 mm.

configurations.
g We remark that the electrical field is high atfiret

The intensification of the electrical field at thedroplet especially at the interface and decreatietine

. . different chosen height; the maximum value is at th
interface can became a source of corona dischEnge.

. i ; disch t solid dielectid PTFE surface. The calculations show also that the
inception of corona discharge at solld dICIECHtaLe g0 qyrica) field intensity depend on the volumetod
is linked to the tangential component of th

o : , %Iroplets,theirnumberandthedistaMcAccordingto
longitudinal electrical field. The second step #&® <0 figures, the electrical field inception is

apparition of streamers generated by the charggs,horional to the size of the droplet in contaith

because the normal electrical field. These chaages the Hv electrode, the size of the opposite droptet
diffused do the tangential component of theéne distance between them.

longitudinal electrical field that provoke the peadite

elongation of the streamer and contributes to the Fig. 16 presents the maximum electrical field ef th
deformation and the vibration of the water droplet. droplet in contact with the HV electrode for diet

Surfiece: Bctrieal Sl V] leovalmu - Electrical Bakd [vfm]

e it height. We remark that the intensities of the eieat
) . field are about than 5 kV/cm at the PTFE surface.
'  pe From this result, we can conclude that the partial

s O discharge inception electrical field is dependsthen

e the size of the droplet in contact with the HV &lede,
5:; the size of the opposite droplet and the distance

o between them. The minimum inception electricatifiel
L b is about 5 kV/cm.
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Fig.12: Electrical field distribution for two drogiksV;-V;.
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Fig. 13: Longitudinal variation of the electricadifi for one
droplet.

Eketical il [

0 o nm ol

0 e
Are-lergth

Fig. 14: Longitudinal variation of the electricadifi for two
dropletsV;-V; with X =2.5 cm.
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Fig. 15: Longitudinal variation of the electricalfl for two
dropletsV;-V; with X =5 cm.
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Fig. 16: Variation of the maximum longitudinal diecal
field for the droplet in contact with the HV elemtie with
different height from the surface of the insulator.

4. Conclusion

In

this study we investigated the effect of the

number of water droplets, their volume and the
separate distance between them on the inception of
partial discharge at the surface of a PTFE insulato
The experimental results show that:

In the case of one droplet, the inception
voltage is inversely proportional to the volume.
In the case of two droplets, the volume of the
droplet in contact with the HV electrode has a
influence on the inception voltage.

The distance between the droplets affects the
values of the inception voltage; more are the
droplets closer, more 9ppinc approximately
constant.

When the volume of the droplet in contact
with the HV electrode i%/1, Uppinc inCrease
with the volume of opposite droplet.

In the case of a dropl®&, in contact with the
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