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ABSTRACT OF THE TEESIS

A statistical study of the electrical brsakdowa of indigeneous oils '
under different conditions of agitation has been made in this work, For the

.purpose of agitation a converdent form of electrode configuaration was used,

The pexrformances of organic oils such aslagtor and Soyabean, were compared
wlth thoge of commercially available tfansfoz.mer oil,

The dielectric strengths of the oils were investigated keeping the oil,
first static, then under agitation:‘ The effect of temperature as well as
different degrees of filtration on its breakdown strength was investigated;
The breakdown characteristics were studied when temperature and degree of
egitation were changed, And finally specific gravity and viscosity of the
oils were measured with temperature varistion.

The resulte of the investigation showed that the breskdown voltage of the
oils decreased with the inoreasing speed of agitation, The breakdom strength
ineeeased with rising temperature of the Liquids, But when the ol was egain
agitated the breakdomn voliage fell. The viscomity and specific gravity of the

oils decreased with the increasing taﬁperature::‘
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The brea.kdovm voltages of the loecally available oile were found
out previously in this laboratory with the usual type of the eletrode
configuration, The mean % squared values of the conduction currTect |
fluoctuations in these cils were also measured by the custornary noise
" measurement 'methods." The effect of localdsed theat in these oils on
the conduction ocurrent pulses were also studied. (2)

But the .p'z’*eaent work is different from the previocus ones.” The main
object of the present investigation was to find out the characteristics
of the breakdown voltages when the cils were kept in motion, For ’
conveniently agitating the oilas the eleotrodes had to be made different

from those of the customary ones.

The author is not aware of any other work of this kind, where the '
insulating oil has been mechanically agitated) Some work of this mature
W done in the Imperial College, London, But the study was on the
Iubricating oils, MacConochie and Ca.meron(ﬂ) of the Mechanical Engince-
ring Department of the seame colleze worked out & novel method of measuring

oll<film th:!.clcnees in Gear Teeth} One of the ma.:jor trobbles in goars is
the difficulty in reaching near the line of contact and the consequent
problem of ma.ldng any measurements there, Mac Conochie and Cameron
meagured gear gaps by electrically dbreaking down the Iybricant between the
runiing gears, The voltage drop across thin oil films where a constant
current was passed, the -discharge.voltage was found to measure oil-film
tid ckness between loaded gear teeth while runmng) Similarly, M.Ibrakim f'a)
worked in the Imperial College Laboratory on 'Discharge Phenomenon as & tool
in the Dynamic measurement of thickness of thin oll films between hfa.vily



Ycaded Machine elements', All these works are in the realm of Mechanical

Engineering, . '

The object of the work wmsi-

(i) to imvestigate the changs, if eny, in the dielectric strenghth
of an insulating liquid, in situations wheve the insulated pasts might be
in relative motion with Tespect to each other, The results mulli be of
Igenera.l significance in high voltege machine parts under rotation er
vibration etos It was considered that results of this type would be of

some practical use.

(i1) to investigate from a more fundamental angle than above, the
effect of the dissolved @.seé on the breakdown strength of the insulating
liquidsﬁé,lt was postulated that contintous agitation of the liquid would
tend to dislodge the dissolved or suspended gas molecules %o some extent
and their effect might be predominant on the dieleotxic strength in such

a situation,



] 2, REVIEW OF BREAKDOWN THEORTES OF OILS ]

In this section various theories and their salient feature in
explaining the breakdown mechanisms in oil will be reviewd in brief) The
£
salient features of the major breakdown theories of oils are as follows:~

When potential is applied én oils dissociation takes place promoting‘
iomization, The magnitudbe of applied voltage for the purpose may have to
be large because of the complex nature of the molecules of the oill At a
certain applied voltege some dissociation of the oil into gaseous
substances occur and a discharge may be expected. The presence of air
bubbles in the oil further increases the probability of a discharge in
the oilJ' Again, when the oil becomes conductive, the passage of an eleo-
tric o:urrent should always be associated with definite chemical changes, *
The substance of oil is decomposed at fhe surfaces of the electrodes
where contact is made) Such decomposition must be expected to be promoted
by the presence of dirt particles, metallic and carbomacecus in mature.
It has been found that filtering out of foreizn particles tended to
inorease the breakdown voltage of oils,

But the breakdown mechanisms of oil are not so simply comprenended,
Therefore, constant work and investigation is going om in this field,
The electric strangth of pure hydrocarbon 1iquids (&) (”}_ hes been
imestigated very extensively with a view to understanding the possible

nechanisms that ultimately lead to the breakdown,

Sletten, Swen and Lewis ©?) observed that the breakdown strength of
highly purified n-hexane can be substantially increased when minute
quantities of oxygen are dissolved, The possible role of oxygen is that
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the oxygen can capture high velocity elecions and, that oxygen combine
with hydvogen to yeild weter vapour, Swn ﬁ"a pas found that it is
necessary to pos’eulate the formation of a 'bubble due to the vaporiza.t:lon
of the liquld at & cathode spot &s a possible explanation of the final
breakdomn, |

claxk, 0 Khambanons, (%) Derveniza and Tropper (%) sbserved the
effect of dissolved gases on the breakdowm strength of transformer oil,
Wetson and Higham () suggested a breakdown mechanism initiated by
cavitation They 1:’;.31:96. the possible causes of cavitatlon as follows :-

(1) dissolved gases coming out of the solution and

(11) local evaporation of the 1iquidy El-dine and Tropper (¢) noticed
the pressure dependence of the breskdown voltages of u-énsfom& oily This
led them to believe that the breakdown was essential in the gaseous phase,’

.Gosling (7) found the effect of oxygen, nitrogen and air in transformer oil,’

And baged on these observations he suggested the following model for the
mechsrdsm of breakdown : (1) a preparatory stage, when the oscillation of
impurity particles in the gap might produce occasional bridges and conse-
quent mimmdyxmizie breskdowms at low stresses; (ii) the subsequent steady
state condition in which both the anode and cathode space charges are
involved, the two space charges being, in fa.lct, interdependent,. At this stage
the conduction current is provided by the ejection of electrons from the
eathode into the liquid; (iii) the fimal stage which depends on the -
ability of the liquid to absorb emergy of the elctrons without dissociation,
and its tendency to combine with the hydrogen atoms liberated under the
eleotrical stress, These two properties of the constituents of the
insulating liquid uiﬁmtely decided if an initiating event at the cathode
will be quenched or will contimme, finally leading to the breakdown in the
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|gaseous pl'nse." It can be noted here that this explanation is liRke the
Townsend gaseous ii.schargeg"&oslingglso imrestigated the important
constituents of transformer oil in the characteristic of its dielectric)
strength., Accordinglo his suggestions and findings electrical strength is
raised in unsaturated hydrocarbons because of its ability to trap

electrons which dissoddates the liquids into gases.
*

But KOK (19 suggested that the conductivity of liquid insulators is
mainly due to ':I.ons whereas breakdown should be ascribed to 'coaraer
particles', KOK considered oils of commercial standards of pu:c:l.i;y.' He was
amare of the beneficial effect of certain additives in the liquid, such as
aromatic compounds, But he considered that the inhdbiting action was dus to
aromatic .covers around the impurities, which prevented flocculation and
formation of bridges leading to breakdown, ' [

Lé Angerer(‘"’ from his expeﬁmeﬁ'l:a.l work reported the effect of
addi tives known as hydrogen acceptors on the breakdown strenght of trang-
-former oll and finally he proposed the following three phases of breakdown
in liquids: (1) The initial phase during which the formation of microscopic
cavities due to thermal fluctuations is enbanced by the presence of electric
field and mechanical effects caused by the field, (2) The second phass,
during which the electrons moving through the liquid permeated by mioroca-
vities can éain enough energy to bring about dissociation accompanied by gas
evolution, so that micro bubbles can formi This phase may be regarded
initiating or triggering the final breakdown. (3) The gaseous breakdown,
which takes place when the rate of bubble formation exceeds the rate at which
the evolved gas can be absorbed by the liquid,



| The breakdown theories would be incomplete without mentioning ./
conduction current in insulating liquid under electrical stress, In
view of the fact that the study of the electrical strength of liquids
has alwmays involved considerations regarding the movement of electrons,
ions and charged particles in the gap, conduction current measurements
under varying eonditions bave formed a major part of these investiga-
tions, Onp a more practical level, conduc;tion current measurements have
served as a check on the reliability and repeatability of resulis; as a
control of experimental conditions, such as the degree of pmrity or the
state of ionization of the liquids,' More important than that, such
measurements, especially Just prior to breskdown, have been assumed |
to contain important clues to the actual breakdown mechantsm.’

‘Hug and Tropper () investigated the conduction current pulses
in organ:l:c liqﬁids and measured the mean syuare values of conduction
current fluctuations, They studied the effect of dissolved gases such as
air, oxygen and nitrogén as well as that of anthraquinone which is known
to have an important effect on the gassing properties of transformer oil.
Their findings are in consonance with the Gosl:.ng' s(mgdel of breaRdowm,

Their explanation is as follows.

It is postulated that electrons are emitted from the cathode, These
eleotrons are accelerated in the barrier and space charge layer adjé.cmt
to the electrode and thus ejected into the liquid where they are further
aculerated by the spplied fieldy When such an eleotron collides with a
molecule of the liquid, ionization or dissociation may take place, Since
the dissoclation energy of the carbon.hydrgen bond is 3278 ev and the
ionization emergy about 10 ev, it is more likely that dissociation will

occur when electrons of sufficiant energy emerge from the cathode regioni‘"'-
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From the observed fluorescence in oil when subjected to high stress,
it follows that such high energy electrons are present in the liquid,

and moreover, it is knowmn from gassing tests that dissociation certaine
1y takes place when the oil is bombarded by high energy electrons,

The dissociation products, such as hydrogen will temd to form bubbles
and in this process the affinity of dil for hydrgen as weoll as its
electron trapping properties will become important:' In this respeoct the
unsaturated hydrocarbons would be advantageous and quenching of such
initiating events would probably tske place,’ The conditions for thé
paraffins would be less favourable, for alectéop trapping is unlikely and
little hydrogen would be absorbed,’ With increasing fields this process
would continue until the gas evolution is greater than the ability of the
sarrounding liquid to absorb it. A bubble will then form and the accelera-
tion of the electrons within the bubble will lead to further dissociation
so that the bubble may rapidly grow. Additional pos:f.tive and negative ions
will be formed in this region, enhancing the space chargeé at both electrodes,
which in turn will introduce a greater mumber of électrons and positive ions,
Thls process is of an unstable nature and complete breakdown,‘c.af the Hquid
may ensue, However, if the test liquid contains a gas in solution, it is quite
possible that the dissolved gas molecules become detached by impact with high
energy electrons and this may also lead to mcleation and bubble formation,
This phenomens is- of erratic nature and the;;',r constitute the 'noige' in the
external circuit, i.e, current fluctuations and pulsés which are superimposed
on the steadly conduction curremt. It is reasonable to suppose that the likeli-
hood of breskdown teking place will depend on the occurrence of high amplitude
pulses and that any measure that brings aﬂout a reducticlm of these amplitudes

—

will be beneficial as far as the electric strength values are concerned,




] The present work was underta;:en to investigate the effect of {
contimious agitation of different degrees on the breskdown strength,
Since in the breakdown process, the dissolved gas molecules play a
decisive role, it was considered that contimuous agitation (dne to
friction of & Totating cylinder) in a film of liquid W1l tend to
dislodge the dissolved and/or suspended gas molecules to some extent,
and this fact will have significant effect on the breskdowm voltsge,
In such & situation, the viscosity of the liquid,--and the effect of
temperature on viscosity as well as on the quantity of gas in solution

or suspension, would have considerable imporiance,



.

5, EXPERIMENTAT, APPARATUS AND ME’I'HOIDS

31 MROUGTION

............

The breakdomn strengths of insulating oils under agitation, as far
as the author is aware, is being investighted for the first +ime in
ﬁqxﬂd dielectrics research. One of the aims of this investigation was
to collect date regarding some indigenous oils,' The most widely used
transformer oil has also been investigated under identical conditions
for the pw‘:'pose of comparisons Of the numerous locally available oils,
Soyabean and Castor 0il were choosen because their. breakdown strength were
found to be the highest under the usual spherical electrode configuration
and static conditions of the oils, by previous wrks(? carried out ia
this Leboratory, For the purpose of agitation & convenient form of
electrodes ware ma.de. In this work the following course of investigations
wes followed

(I) The breakdown strenght of oils were determined from stationary
condition to successively increasing speed of agitations,

(II) The effect of rising temperatures on oils weére investigated .

(IIT) The effect of rising temperature and rising speed of agitation
were simltaneously studied,

And (IV) the viscosity of the oils with temperature variation was deter-
mined by a falling ball viscomimeter,
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[{ Besides these the ‘éuccessive breaks of oils were notqd. The scattér of
the breakdowmns under agitation was determined and also effect of impuri-
ties on the dieiegéﬁc ‘strengths was found by using different grades

of sintered glass filters, |

3,2 THE TEST CELL AND ELECTRODES: The cell in which oil was taken itself
played the pa:r.-tof one of the electrodes) The cell was cylindriée;l in
shape and made of mild steel, The dimensions of this oylindrical electroded
is shomn in Fig.2. The other electrode was also made of mild steel but 1%
was a solid cylinder which could be placed in side the other electrodes

" Different sizes of this solid cylinder was made to get different uniform
‘gap settings _betwean the electrodes, The hollow oylinder which would con-
tadn oil formed the high potential stationary slectrode; Its closed end
was convenimmtly machined to secure the high tension terminal of the high
voltage D.C, generator, The other solid electrode formed the electrode at
the earth potential, This electrode was r-otated inside the hollow

cylindrical space of the other electrode to agitete the oil taken inside ity

The rotation of this solid electrode was done by means of & fPractional
horse power Universal motor., The holding end of this elecirode was threaded
8o a8 %o £it in the coupling end of the motor. In arriving at the present

dimensions of the electrodes a wooden model was first made and studied,

For different gap setting the diameter 'D' and length 'L' of the solid
eloctrode were made different. Bub the hollow cylindrical electrode was of
the same dimension for all gaps. The gaps were taken in milli-metex(mm).For

each gep in mm the following velues of L and D were used,

P
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‘ FABLE-T .
PIMENSTONS OF ELECTRODES AND GAP SETTTWRS "

Eﬁ_ (iich) | iﬁch ' E:(?;;h?ap Lé?ﬂ =L
1 1961 | aare] o3
2 17922 1,094 . <078
3 1883 13016 117
4 1.844 § 0938 J156
5 12805 0,860 195

3.3 METHOD OF AGITATION: The sgitation of the oil was done by means of a
fractional horse power motor, The threaded end of the solid sphrical slec-
trode was serewed into tho coupling system of the motor. The coupling was
specially made to protect the motor from the high village side of the
generator as well as to hold the electrode securelys The cross-s.ection view

of this coupling system is shown in fig,2, The motor was mounted vertically..
The high MX#K tension lead of the high voltage generator was fitbted to the
hollow electrode which contained the test liquid, The other electrode, which
would be rotating with the rotor of the motor, wms earthed by a thin mild steel
.Gisc connected with the motor coupling in conjunction with an improvised steel
brush connected to the earth terminal of the gemerator system, This whole system

has been shown in fig. 2 and £ fig, 3,
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, ( Fig. 2and£3) '

f

A

The speed of the motor was deteilmined by the voltage across its
terminals, It was found that regulati.on and speed control of the motor
was better with d.c. supply. It wa.s,§themefore, used as a d.'c.' motor, the
gpead of which was varied by \‘;-arying"the appiied voltage by means of a
potentiometer, A curve relating the supply voltage with speed was determined,
The speoed was ﬁetemined by means of & Techometer and varified by a
stroboscope. The voltage/speed characteristic of the motor is given in
£ig,10, This curve was used in determining speed of the motor from its
epplied voltage. |

TABLE - II

YOLTAGE VS SPEED OF D.C.MOTOR

Voltage .. .Speed
(Volts) i (Rpm)
T
~——— 0
10 __380
| g@_
. 2 4 698
14 748
18’ 1006
200 T 14327
23 - 1492-
<26 - i i J.-"foe-'
o §---1800-
32 - 1856 -
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- 344 THE HIGH VOLTAGE SOURCE: The voltege source was the/
Spelinan Model Lab-6 High-Voltage Power Supply (O b0 60 KV). Tris high
voltage Power S;.zpply, was designed for use with high input impedance
equipment requiring a high voltage imput from zero to 60 KV d.cs It can

supply load current upto 1 milTi-smpere, Its own supply is 117 volts adc.

The unit is constructed with three primary assemblies: the front
pranel assembly, the chassis assembly and the high voltage assembly. -

Front Panel Assembly: It contains the energizing and operating
confréls plus the output voltmeter, Convenient ground cable connection was
provided by external ground terminal which was fastoned to the front panel
ground terminal, The high-voltage cable, which is comnected directly to the
output of the high-voltage rectifier circuit, passes through and is mechani-"
cally fastemed to the front pamel, tlms allowing convenient handling of this
cable without the danger of l;asseniﬁg or short circuiting the intermal high

voltage electrical connections,

Chagsis Assembly: The chassis assembly conbains the low voltage circuits
of the high voltage powér supplyf‘ These circuits include the local oscillator,
the buffer amplifier, the power ampifier, the filament supply, the regulating

circuit, the plate, filement and bias voltage supplies.

| High - Voltege Assembly: VThe high'wltage assembly includes the plastic
housing and all the electronic components contained within and attached “to the
housings These components include the 35-KV high~voltage step up coil, the high
voliege doubler circuits, the high-voltage rectifier circuit and the filsment

supply circuit. The electromic components of the high voltage assembly are
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mounted with high - dielectric insulators and intercommected with '

spherical terminals snd corona rings to obtain stability of operation
with compact packaging,

3¢5 _CLEANING PROCESS: Before oil was taken for & best, the electrodes
wau;-e claaned 80 's;a' to free it from extranecus ¢ily substances on dust -

particles,

The metallic electrode picus were first boiled in soap solution for

. about five mimute, Then they were washed in hot water; After this they
were ringed in pure benzeme (Cg Bg)e In the absence of benzene Carbon
tetrachloride (Ccl,) wes sometimes used, Finally the dmm elecirode pieces
were dried by blowing hot air from & blower. Benzene Vapour being poisonous
care was taken so that %t was not inhaled]

336 FILTERING OF OILS: In order to see the affect of the suspended
:l.mpuri'l:n.es onthebxl-eakdom strengths of oils, the cils were filtered by
different gredes of 65 mm diameter sintered glass filters, The mumber of

the grades and their corresponding porosities of the filters are given below:

TABLE ~ITI
POROSITY OF FILTERS
g__rg.fdégoro |
1§ 90-100 microns
2 40- 90 microns

15« 40 microns
4~ 15 microns

3
4
5 Max®, 1;*4 microns,average 1.1 microns

-__—‘/—'
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3{7 VISCONSIMETER: In measuring' viscosity of the oils at different /
temperatures the Haske Falling-Ball-Viscosimeter of German mamufacture was
vsed, The viscosity was measured by recording the time that the ball
required in falling through a particular distance of a glass tube

filled with the oil, The time was recorded by means of a stop watch, The
temperature variation of the oil was made by means of a Heating Jécke-i:.'
The Heating Jacket and the oil pot were concemntric glass tubes of which
the Heating Jacket was larger, and the oil tube was inside it, The Jacket
bad an electric heater with thermostatic control, Prom different ranges of
temperatures different liquids ere uged in the Jacket as stated below:

(i) For temperatures from -60 o 1% : methanol (Methyl-alcohol)

(11) for temperatures from &1 to 498% : distilled water

(111) for a temperature of 4100°%c : distilled water -~ 20% glyocerin

'(iv) for temperatiures from 4 100 to 150%: glycerin of at least 1526 specific
gravity or ethylenglycol.

A oross-section view and a photo of the viscosimeter are shown in fig.5 and

£ig.6 respectively.

In the present investigation work was done j.n the temperature range
of & 1 to + 98%, Therefore, only distilled water was used in the Heating
Jacket, In determining the'viacosity of a oil, the sgpecific gra'v:i.ty of it had
also to be determined, The specific gravities of the oils were determined by
means of a specific gravity bottle. Finally the absolute viscosity in
centipoise was caloulated by the following relation n z F(S~5¢)K

ebgolute viscosity in centipoise

Where n

F

dropping period of ball in seconds

Sk = Specific gravity of ball
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/ ‘- - 8¢ - Specific gravify of liquid tested at the /
| measuring temperature
K = ball constent.
A chart bf Sk and K of different sizes of balls were given in the opera-

tion manmal of the viscosimeterd

3,8 TEMPERATURE VARTATION OF THE TEST LIQUID: XIGHRARAINR

P T IV I

EHNEOCIHAE When the effect of temperature veriation on the dielectric

gtrength of the oils were investigated the outer high po'l;enﬁal electrode,
which contained the oil, was dipped in an oil-bath which, in turm, wes

heated by an electric heater, The oil-bath was stirred ocee.ssionall‘g o keep
the temperature unform, The temperature of the oil under investigation inside
the electrode, was assuned to be the some as that of the oil baths Figd]

shows & sectional view of this arrangement,

3,9 THE TEST cmdu:c : Fig8 shows the complete circuit, All high voltage
connectionswereaeeurely made) The CRO, as well as the sudden breskdown noises
were used as indicators of breskdowm. All the sharp edges were carefully
eleminated to avoid corona loss in the cireuit, The high voltage joints ware

eaxed to suppress corona,
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RESULTS | /
431 GENERAL REMARKS: The experiments with unfiltered oils could not be

done after mich endeavour because of formations of the bridges inside
the electrodes by suspended particles, All data and results are, there-
fore, on filtered oils, The speed of agitation of the oil by the motor
wae first decnbted by its supply voltege, This voltage was then conver- .
ted into rpm by referring to the previousiy given speed/voltege
characteristic curve of the motor in Fig/l10,' The average breakdown
voltage given in the data is the a:_'itbmetic' meen of tem readings, the
standard deviation ®Y of which is also giveny The breakdown voltage
at higher speed couid not be recorded because at higher speegs the oil )
ingide the electrode was thrown out and 'I:he'refore,‘ the reading would be

erroneous,

452 Tranaformer 0il: Filtered, grade IAG, 90-100 microns porositys

TABLE - IV
SPEED VS BREAKDOWN .VOLTAGE OF TRANSFORMER OIL
AT DIFFERENT GAPS

Electrode gaps Speed of 7 AviBreskdom Standard
(1) ' agitation “woltege (kv) § deviation
_(rpm) (¢)

1 ‘ 0 2,68 0,21
1 480 1,92 0525

1 760 :*16 0¢15
1 1240 . 0420

2 0 2 93_ _ 0,16
2 200 2,74 0.03

2 430 1.’88 0.04

2 1240 1,69 0428

2 1680 1,42 0,04

..................................

32
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TABLE-IV ,
Electrode gaps Speed of Av.Breakdowmn Standerd
(zm) agitation voltage (kv) deviation

S (xpm) (€)

3 0 5.98 0. 36

3 480 3.12 0.41

3 600 2.39 0439

3 880 2.15 6,12
3 1580 2.07 0422

s’aj‘i{{, p

:1,_,2 SOYA.BEA.N OIL: F.‘il'l:ered, Gmde IAG, 90-100 microns porosity.

.................

TABLE V

SPEED VS BREAKDOWN VOLTAGE OF SOYABEAN OIL AT
DIFFERENT GAPS,

Av.Breakdown

Electrode gaps Speed of Standard -
agitation voltage deviation
(1mm) (zpm) ( kv) (6)
1 0 1.45 0423
1 260 1429 o 22
1 380 1,15 0420
1 _680 hBS O0g33
2 0 8,80 1,65 .
2 400 8,70 0456
2 " 700 - 8.%5 - 0498
2 960 6,20 0,70 '
3 0 12,14 . 1.04.
3 410 11,28 1,26
3 640 12,00 0,72
3 800 11.42 0s9
3 1200 11,72




4_,4 CASTOR OIL: Filtered, Grade-IAG, 90-100 microns porosity.

LR R

TABLE VI
SPEED VS BREAKDOWN VOLTAGE OF CASTOR OIL AT DIFFERENT GAPS
Elec'brode Gep |  Speed of Av.Breskdom | Standard
agitation voltage deviation
() (rpm) (iev) ()
1 0 ! 4444 0.49
1 360 ‘ 2,95 0, 44
1 620 : 2,59 0,40
1 880 2,88 0445
1 1000 . 2,65 0,39
1 1320 2,60 0s45
2 0 r.: o 6’50 & - 0.97 ot
2 400 5.51 | C.325
2 800 4,03 0. 41
2 1040 4410 0.'26
2 1200 5.06 0,32

................

strength of the oil was observed after stopping the agitation, The
typical curves are given in Fig.14, Fig.,15 and Fig,16, A point in the

figures denotes a mean of five readixigsi“
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TABLE VII

INTERMITTANT AGITATIONS AT DIFFERENT GAPS

 (AGITATED FOR 5 MIN., AT 400 RPM)

0il Gep § No. of J Breakdown voliage
Bresks
mm) (kv)
Trasformen. 2 1 5.1
(2 aB fil 2 2 5e2
tered) 2 3 5.3
v 2 4 5.8
Transforngr 1 1 T 2433
(1 AG £i1d4 -1 2 2.65
tered) 1 3 4o
] 2 1 2‘95
P 2 2 3475
A 2 3 4.5
" 3 1 3495
N 3 2 4,85
_n 3 3 4,75
Soyabean 1 h o4
(1 4G £i14 1 2 o6
tered) 1 3 4.8
n 2 1 ) 2.2
" 2 2 5
" 2 3 6.4
4 3 I 12
" -3 2 12.4
¢ 3 3 14.0
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as shovm in Fig.l?, Fig,18 and F.‘I.g.19. 2 mm gap set and IAG grade
filtered of all the three oils were investigated in this experiment,

457 TEMPERATURE EFFECT: The temperature of the oils was varied by meauns
of ano;i.l—bath. _'.l;kie -ééerége breskdown strength was noted keeping the
oil stationary through out the experiment.

0il Eleoctrode gap § Teamperature Breskdown Voltage
. (mm) (°F) (kv)
Transformer 1 90 1,75
"o 1 105 2,60
b 1 119 2,35
" | 1 130 2,05
" 1 146 2,60
Trangformer 2 . 90 . 5.
" 2 100 8.00
" 2 109 11,00
n 2 116 ' 14,40
Cagtor .. §. 1 94.0 ) 3450
" ' 1l 108.5 4410
u l - 130,0 3480
v iy 15745 4420
Soyahean 1. 9T . 2,5 .
" 1 108 2,50
" 1l ] 111 2,60
" 1 115 3,45
" 1

130 3,90
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;8 EFFECT OF SIMULTANEOUS TEMPERATURE AND AGITATION

{

.....

TABLE -IX

TEMPERATURE VS BREAKDOWN VOLTAGE AT DIFFERENT SPEEDS OF AGIGATION, '

500

0il Speed of agifation] Electrode gap | Temperature ) Breakdowmn
voltage
- (zpm) {om) (°8) (kv)

Tranaformer 220 1 91,0 2,00

n 220 1 110.0 1,30

" 220 9 1 120,0 1,60

" 220 1 134.0 1,80

y 220 1 152,0 1,70
Transformer 440 e .1 96,0 . 3,00 ...

" 440 1 101,0 2,05

u 440 1 130.0 2,00

n 440 1 JB. 1.90
Transformer 880.......§ .. .. 1., 90.0 .75

" 880 1 105.5 1.50

" 880 1 123,0 1,40

" 880 1 137.0 1.35

N 880 1 145.0 1,30
SOYABEAN 500 1 93,0 4,0

" 500 1 100.,0 3.0

4 500 1 124,0 2.%

A 500 1 13410 3e4
CASTCR . 380 1. 103 . 29, .-

" 380 1 115 2,0

P 280 1 125 1.7

" 80 1 135 1,1
CASTOR 2 7 Y 306

M 500 , 2 100 3.0

" 500 2 105 2.0

" 500 . 2 118 2,8

u 2 _130 2,2
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’ | /
/5:2 EFFECT OF TEMPERATURE ON STATIONARY AND AGIATED TRANSFORMER OIL.

'I'he results ae gzven in table X and plotted in figure 26.

TABLE X
COMPARISON OF STATTONARY AND AGITATED TEST OF TRANSFORMER OIL WITH
‘ TEMPERATURE VARTATION

Temperature | Breakdowm voltage Breakdown voltage
Vhen Agitated at (Stationery)
880 rpm)
(°F) (kv) (kv)
90 1,70 2,30
108 1.55 2,90
121 1,40 3e25
136 - 1434 2,40
145 1.30 3420

4410 VISCOSTTY VARTATTON WITH TEMPERATURE: The procedure of viscosity

measurement has been described in section 3e7e The aspecific gravities
of the oils were first determined at room temperature and then these
specifid gravities were converted at 4% of H20 by the use of Steam
table m@. The values of X and Sk are given in a chart with the viscosi-
meter mamuial, For Transformer and soyabean oils 5&11-5 was used butb

for castor ball-4 was used, The logarithm of viscosity has been plotted

in the fig. 27 for convenience,
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/10,1 TRANSFORMER OIL:

TABLE XI-A

TEMPERATURE VS DISCOSITY

Temd Sp.GrJ Sp.Gr, X Sk § P Bx-Sp] n-F(Sk-Sg£)K Logn
at at Secs) '
Toom § 40°C o
°c_§ temp, § Ho0(S Q
28,8(0,865 | 0,864 § 0.0734}8,151(33,00§7.307 | 17.70 1.248
3545104860 | 04856 § 0,0734§8,151030,00§74295 § 16.01 1,204
40,5§ 04855 } 0,850 § 0,0734)8,151(28,00§7,301 § 15.01 1.176
55.0§0.840 § 0.830 § 0,0734§8,151116,35(7.321 8.80 0.907
0.941

594530.835

0.820 § 0,0734]8,151416,20)7.331 8.72

4,10,2 SOYABFAN OIL:

Teupe | SpGr. § Sp.Gre

o¢ temp, § H20(Sf£)

TEMPERATURE VS DISCOSITY

at
40°C of

Sk-S¢ | n-F(Sx-5£)K] Logn

34,0 § 03902 § 0,900
36,5 §0.901 § 0.896
43,0 § 0,900 §0.895
61.5 §0.883 { 0.872

X g3k5< F
Secs)
}

0734

%8.151§77.75 7.251
» 0734801513 75.00{7.255
+0734§8,151] 71, 60§7.256 .

!

41,40 {10617

40,00 §1.602
38,20 {1,582
26,15 1.417




441043 CASTOR OIL:

TEMPERATURE VS VISCOSITY

Temp, § Sp.Gr. ] Sp.Gr. | K g F Sk-S¢ | n-F(Sk-S¢)K| Llogn
at | at (Secs)
room 40°C of
°c temp. | H20(Sg)
5106 § Gisds | Guodo §0.520 8.140f360.45 § 7.200 | 1480.00 3,170
210 § 0,943 § 0,937 § 0,520 8.,1.40§288,00§ 7,203 ] 1080.00 3.003
50,0 § 0,940 § 0,930 §0.520] 8.140§240,55 § 7.210 § 902,00 2,954
53,0 § 0,938 { 0,926 § 0,520 7.214 § 844,00 3,926

8.140§ 225,50

53
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5, DISCUSSION OF RESULTS /

Some of the results of the present work have lent supp.ort to
the breakdown theory that breakdown in oil occurs in the gaseous
phage, For a comprehensive understanding of this aspect of the
results & brief review of the pertinent physical events that take

place prior to and during breakdown are given below.

As the voltege between the electrodeé is increased the
particles in the oil begin to oscillate in the gap. Occasionally
the particles form bridges across the electrode gap which results
in electric breakdown &t very low voltages. But the most important
event that thes place is the formation of surface barriers and space
charge layers adjacent to the electrodes. It is postulated that
electr-ons are emitted from the cathode, The emitted electrons are
accelerated in the barrier and space charge layer adjacent to this
electrode and are ejected into the liquid where they are further
accelerated by the external applied field between the electrodes,
These electrons by this process gains considerable kinetic energy.
When such an electron collides with a molecule of the liquid, ioniza-
tion or dissociation tai:es place, The dissociation energy of a hydr-
carbon bond is 3.78 ev and the ionization energy is about 10 ev. It
is, therefore, probsble that dissociation will occur first by the high
velocity electron originated from the cathode, . Hydrogem as one of the
dissociation products will tend to form bubbles. The hydrogen may be
absorbed by the oil, if the oil contains unsaturated hydrocarbon

groups, With increasing fields this process-would continue until the
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gas evolution is greater than the ability of the surrounding liquid t?
abgorb it., A bubble may, then form a.nd the ecceleration of electrons
within the bubble with lead to further dissocisation so that the bubble

mey rapidly grow, Additional positive and negative ions will be formed

in this regiqn enhancing the space charges at the electrodes, which

in turn will introduce greater mumber of electrons and positive ions.

The process be:.ng unsteble in nature would continue till the final
breekdown takes place. The dissolved geses in the test oil may a.lso

become detached by the impact with the high energy electrons. This may also
lead to nucleation and ‘bubbie formation which, in turn, may quicken

the breakdown processes of the oil,

The results of the present investigation which are important for
the above hypothesis ere the curves in figures 11, 12, 13, 20, 21 and 22,
The curves in fig, 11 fig,12 and fig,13 indicate that the dielectric
.strength of the oils decreé.ses with the increasing speeds of agitation
of the oils, / The genersl molecular structure of the types of oils
tested are giveh by formalac () such ag C2Hon-2 and CgHz'nJ Hydrogen
bubbles are formed by (1) the dissociation processes discussed previously,
(2) And gas is also foz;méd because . of the velocity gradient in the liquid
i‘ilm; the layers of oils closer the rotating electrode have higher speed
then those closer the stationary electrode, The higher speed layer would
dislodge the dissolved and/or suspended gas molcules from the lo@ speed
layers by friction., The hydrogen bubbles being very light begin to move
up to escape to the é.tmoapherei.' But the hydrogen bubbles and air
molecules cannot esca.pe,- because of tho Bermoulli's fheorem.' Which states

( ) 'for any mass of flowing liquid-in-which there is & continucus
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jeonnecion between all the particles, the total head of each particle i

the same', Therefore if velocity head increases, the pressure head
decree.seé. The gas molecules tends to accumilate in the lower pressure
region, which is near the rotating electrodes where the spped is the
highest, The gas molecules are again broken by the rotating electrode, Th;se
broken gas bubbles take part in the dissociation and ionformation

activity at different parts of the test liquid, This enhanced dissow

ciation, nucleation and ion-formation activity quickens and, therefore;

lowers the breakdown strength of the liquid,

It bas been found that the viscosity of transformer oil is the
lowest, that of castor is the highest and the viscosity of spoyabean
is intermediate (Fig.27). Castor oil being more viscous than that of
either transformer or Soyabean, its velocity gradient will be highest,
Therefore, it has greater ability to dislodge the suspended gas molecules
by surface friction between layers, But the gas moleculeg movement
towa.rd:_a region of higher speed would be slower, Whereas in the least
viscous Transformer oil, the velocity gradient is lower and therefore, the
dislodgement of suspended gas molecules shall be less but here, the gas
movement and accumilation to regions of higher speed slnl;l. be faster,
For this reason the breakdown strength of less viscous oil, such as
transformer, shall fall faster with speed than that of the more viscous
ones, This can be noticed from the curves in figures 11,12 and 13, The
slopes of the curves of Transformer oil are the highest, those of Castor

oil are least and those of Soyabean are in between them,



! Any process, which shall help the bubbles to be released quickly, /
will enhance the breakdown strength of the liquid, The rise of btemperature
drives out thelabsorbed gases as well as the h;ydrogén an8 bubbles formed
from the dissocia‘l:ipn by the high energy electrons, And thus the

breakdown strength of the oil increases, This is confirmed from the

curves for stationary oils in £ig.20, fié;21 and fig.22, But as soon as
the oil is agitated the gas meolecules are trapped in the mmss of the
liquid, and they lower down the breakdown strength as discussed previously.

This simultaneous effect of temperah:ré and sgitation is shom in Fig.23,
Fige24 end Fig.25.

The formation of gas by dissociation was particularly noticed in the
case of castor oil., During the conduction of the experiments with this oil,
it was observed that the volume of the.oil increased in the annulaxr space

between the electrodes,

Characteristics of successive stationary bresks of Transformer,
Soyabean gnd Castor oils are shown in Fig.17, Fig.18 and Fig.I9. In all
these figures it should be noticed that all the initial breaks are much
below the average value, This is so; because of the particle activity,
that is, due to its & oscillation and bridée formation between the gaps
referance to which has been made at the beginning of this discussion,

The Fig.,14, Fig.15 and Fig,16 are interesting. They are for intermitten-
tly agitated oils, It will be noted from these curves that successive
interval of breaks have & tendency to give e higher value for the
breakdown voltage: The agitation helps in the mixing of dissociated  *

carbon part icles evenly through out the liquid, This discourages the
. PR
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fqmtion of bridges when the liquid is stressed under sieady state ;

after an agitation,

The results of higher gap settings and higher grades of filtra~-
tion could not be included inspite of the best endeavour of the author,
‘At higher filtration and gap distences there were air breakdown at the

edges of the electrodes, between the electrodes and the metallic dise.

A few commente on the shape of electrodes used in the present work,
seem warranged. Becusse of the irregular shape of the. electrodes, the
f ield was not uniform, as in the case the ‘sta.ndard spherical \
electrodes, The breakdown strengt hs therefore, do not represent the actual
gtrength of the oils studi-ed. They represent‘the relative values, because
gifferent oils have been studeid with the same electrodes and under similar
conditions, The nature of -the investigation and necessary experiments
dictated the shepe of clectrode a chosen, where not much could be done to
remove edges effectively: Moreover in practical case, the rotating parts
of an electric machine, which may carry potentials may be éf any shapes
and configusations, Many modifications, therefore, can be made as to the
electrode shapes, But the present investigation has definitely found out
the trend of breakdown volitages under different conditions of agitation
and temperature variation, Another point tbat needs mention is that there
wag & very small a:ﬁount of et eccenticity between the concentric
electrodes, Inspite of best efforis, perhaps a slight eccenticity would

not have been eliminated, It is estimated that the error due to this was

negligible,



_] ' 6, CONCLUSION AND SUGGESTIONS FOR FUTURE WORK /

Investigation in this Laboratory is going on for sometime to find
out a good locally available insulating oil., The present work is a
step in this direction, The results of this investigation show that
Soyabean oil has good insulating property comparable with that of
transformer oil. lLike the transormer oil, the‘ Soyabean o0il shows a
tendency to assumia an uniform value, Its behavious is not erratic like
that of Cas‘bor.oil.' In some electric ﬁlachines the insulating oil deoes
the work of cooling for the heat generated by hysteresis, eddy-current
and such other losses, In these applicaﬁons, the transfomer 0il
béing less viscous, would be g more efficient cooler than Soyabean oil.
Nevert heless, if other things (2 ) (18) are found suitable, Soyabean
can be used as g good insulating oil where cooling is not a great

problem,

A.i} useful step towards the introductions of motion in the die-
lectric during a breskdown process has been taken, Further studies are
" being planned in which breakdown in this liquid film under different
degrees of vacuum, send uniform rates of agitation will be investigated,
It is estimated that variations in the degree of vacuum control the quan-
tity of dissolved gas in the liquide, and effects of agitation would be

more Or less marked depending on circumstances,
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