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ABSTRACT

The thesis presents an experimental investigation
of the forcegs and pregsures acting on an air bubble
injected in transformer oil, under different test con-
giticns.,” The gap configuration consisted of a sphere-
plane electrode system, the sphere had a diameter of
11,2 mm and the c¢ircular plane had a diasmeter of 30 mm.
The sphere electrode was drilled along a diameter, and
by the mnovel test cell used it was possible to inject
a contrclled air bubble in the liguid at the surface

of {the sphere elegtrode.

The test cell and experimental technique was
suitably designed fc measure the internal pressure of
the air bubble, and hydreosigtic preasure above it.
The values of internal pressure Pi and the hydrostatic
pressure P, were recorded under different test conditicns.
The effects of hydrostatic pressure, applied voltage and
gap setting were studied for both alternatlnD and direct

applied voltages of dlfferent polarities.

A family of relationships befween the internal
pressure of the bubble and the hydrostatic pressure af
different applied voliage were obtained Ifor five gap

settings, under A.C. and D.C. reverse polarity veolftages. -
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the square of applied field E° at low field regions
(before corcna inception inside air bubble)i.e. at both
WRegion 1" and "Hegion II%. However the slope of

P_ - E° relation at "Region I" is higher than that of
*Region IIW. -

Results show that P_ increesses mon linearly with

E2 after corona incepfion i.e. at "Region 1IIv.

The electric pressure equations are obtained from

-2

the P, « E” linear relations at "“Region I" and "Region

II® for the five tested gaps.

The effect of gap configuration {L/r) i.e. (gap
distance/sphere radiues) on the electriélpressure are
¢btgined. The equatiﬁns of electric pressure for gap
configuration (L/r) tends to zero {i.e. field approaches
t0 & uniform field) are deduced, these equations are
gimiler to those previcusly obtained by mere theoreti~
cal consideraticns. Alse the electric pressure
equations show that fthere is a critical gap configuration'
L/r at which the electric pressure changes i1ts direction
from,positive to megative values. These critical gap

configurations L/r have values ranging from 5 to 7.

It ig suggested that the transition from one region

to anofher iz a pressure dependenft phencmenon The third B
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region in the FP_ - E2 characteristics ig bellsved to start
after corons inception inside air bubble. The péarl-like
atream phenomena, obgerved in present experiment, may be
attributed to a high negative eleciric pressure. This
negative electric pressure cccurs for gap configuraiions
higher than e certain critical value, this critical gap
configuration is that at which the electric pressure is

equal to zeroc.
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CHAPTER 1

JNTRODUCTICH

It is well imown that the applicaticn of & high
electric field to a liquid dielectiric crezates an
internal pressure. Evaluation of the induced electri-
cal preasure in ingulating liquids has been largely
based on theoretical sssumpiions and mathematicsl deri-
vations which have been gt variance. The net induced
electrical pressure could be the resultant of a number
of electricslly irduced pressures, e.g. electrostatie,
electroatrictive, dielectrophoretic, elecirophoretic
sas £t¢. The problem is further complicated since some
of these elecirically Iinduced pressures mey assist or
oppose each other, depending on the prevaling fest

conditions.

The preaent work was carried out with the

following cbjectives:

g. Construction of a test cell suitable for megsuring
these forces. »

b. Design an injeciion system to inject a controlled
air bubble a% 8 sphere electirode surface. This eir
bubble iz the peoint of measuring 211 generated

forcez on it at differeni test conditions.
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Chapter 2 gives a review of previous work, which
hes & direct bearing on the present thesis. This
chapter includes the early history of the subject, the
theory of force generation in liquid dielectrics. The
gction of electrophoretic and dielecirophoretic forces,

with dielectric and cluster formation is discussed.

Chapter 3 1is concerned with the description of
the experimentsl gpparatus and tesf procedures. A
novel feature of the present work is the use of g new
tegt cell by which it was possible fto measure the
internal pressure of a controllable injected gir
bubble. Alternating applied voltages (50 Hz), and
direct applied voltages with reverse polarity up to

30 KV are used.

Chapter 4 presents the obteined experimental
results. Section 4.2 1s concerned with fthe preliminary
experiments, Section 4.3 gives results of the internal
pressure of gir bubble under different test conditions.
Secticn 4.4 is concerned with.the study of the applied
forces on sir bubble liguid boundary at sphere elect-

rode surface.

Resulta of electric pressure in frensformer oil

under diiferent test conditions are given in section
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4.5. Section 4.6 is concerned with the effect of
applied voltage on surface tension pressure of air
bubble. The variation of_hydrostatic presgurde 4Arop
required for air bubble gjection with the square of
applied voltsge is given in section 4.7. BSection 4.8
is concerned vwiith the variation of surface tension
pressure change of air bubble from starting i1l eje-

ction, with gap distance.

Chapter 5 gives the enalysis and discuassion of

teat resultis.

The main results ere analysed gnd discussed with
an attempt to explain the observed phenomena during

experimental work.

To the author's begt knowledge, the following

aspecta of the present work are new:

1. The novelty of the test cell and tezt apparatug
which ensbled the measurement of infernal pressure

of injected air bubble.

2. The experimental verification of the eleciric

pressure equation in insulating liguida.

3. The critical gap configuration {(L/R) i.e. gap dia-

tance/sphere radius at which the electric preasure
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4.

Se

changes it's directlion from positive to negative is

found to be within fthe range 5 to 7.

Results indicate that the air bubble is c¢hanged

from a non-conducting to g conducting gtate after
corona inception ingide it. This means that the

gap configuration is changed from sphere-plane to

g needle-plane configuration which leads to very
high electric fields under moderate appliecd voltages.
This high field may be sufficient for initigting

air bubbles in the ingulating liquid. Bubbles of
Pagrl-Like stream appearance phenomena were noticed

during the experimental work.

The newly developed test apparatus may be used in
determing the surface tension of liquids. The
gurfece tension for an air bubble in transformer oil

iz calculated and found to be 42.7 dyne/cm.
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