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MEASUREMENTS OF PHYSICOCHEMICAL AND
ELECTRICAL PROPERTIES OF INSULATING LIQUIDS

This paper provides a comparative analysis of kepsicochemical and electrostatic
parameters of Trafo En oil and Midel 7£3dynthetic ester, changing in temperature and
accelerated thermal ageing. The parameters testhaed the density, kinematic vis-
cosity, conductivity and relative electric permiity. In addition to that, Electrostatic
Charging Tendency (ECT) tests of those fluids werdormed in a flow system using
cellulose and aramid paper pipes. The effect afididlow velocity combined with tem-
perature variations and accelerated ageing timtherstreaming electrification current
generated was determined. The relationship betwefiuid electrification degree and
measuring pipe material was also investigated.

KEYWORDS: Dielectric liquids, Transformer insulatioElectrical properties, Stream-
ing electrification.

1. INTRODUCTION

The increase of demand for electric power imposednecessity to increase
the efficiency of power transformers. Engineeringrks in the scope of design-
ing modern constructions of transformers aim ateasing the power of these
facilities and at the same time minimizing theirssmiaand size. This is possible
owing to the application of modern solid and ligundulating materials of in-
creased electroinsulating parameters. They inchateral and synthetic ester
liquids [1] and aramid papers [2]. In order to img#y the cooling of transformer
windings, the rate of the insulating liquid flow iiscreased. The side effect of
this solution is the occurrence of the streamlirgtegtrification phenomenon in
a transformer [3]. The issue of electrification wdealt with by the working
team 12/15-02 appointed by CIGRE [4], Massachusestistute of Technology
(MIT) and Electric Power Research Institute (EPPI) The investigations of
streaming electrification were carried out on reahsformers [6] and large la-
boratory models [7]. The next step was the intréidacof small flow and rotat-
ing laboratory systems [8]. The aim of the rese@djetting to know the nature
of the generated phenomenon of streaming eleettific and developing effec-
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tive methods of its elimination. Mineral and synibeoils, pure hydrocarbons
and their mixtures are investigated [9-11]. Théumfice of hydrodynamic con-
ditions [12], temperature [13], aging processeq,[a#d also the properties of
solid material are analyzed.

2. EXPERIMENTAL METHOD

In order to determine the ageing degree of an atg fluid its resistance to
oxidation was determined. This parameter dependbeacid value and amount
of sludge formed. The ageing tests most commongyl uis Europe include the
methods IEC 74, IEC 474, as well as the new metB@1813, which are cur-
rently compiled under IEC 1125 as A, B and C. Ttid aalue of Trafo En min-
eral oil and Midel 7131 synthetic ester was determined in the ageingusiag
method C, consisting in blowing oxygen into theuldjat 120C, using copper
as catalyst. The densitg)(of the insulating fluids tested was determinepesx
imentally with an areometer, in compliance with 13675. Conversion table of
ISO 91-2 (at 28C) was adhered to in converting the density to tenyperature
value. Kinematic viscosity() vs. temperature of the insulating fluids testesgw
measured with a Brookfield Dv-li+Pro viscometer @ding to ISO 3104. Con-
ductivity (o) of the fluids was determined based on their taste measurement
according to IEC 60247, with a three-terminal céipa@and Megger BM25 me-
ter. The relative electric permittivitg§ was determined indirectly, as the ratio
of electric capacitance of a capacitor with digiecbetween plates to capacity
of an air capacitor (IEC 60247 standard). A threreainal capacitor and Hioki
3522-50 LCR Hitester device were used in the tésgure 1 shows a general
diagram of the system for investigating streamitegteffication of insulating
liquids. The liquid under study (1), flowing fromd upper container (2) through
a pipe (3) becomes electrified and streams doving@eparated lower container
(4) placed in a Faraday cage (5). The flow of théhgred excessive electric
charges to the ground is registered with a Keitldégy7A electrometer (6). The
liquid flow rate through the pipe is regulated thgh the change of the pressure
value of the gas pad (nitrogen) in the upper coetaiThe liquid flow time
through the measuring pipe is controlled by a smtewvalve (7). The liquid
temperature is changed with a heater with a thaah@3). Acquisition and ini-
tial processing of the measurement data from teeteimeter takes place with
the application of the measurement software iredain a portable computer
(9). The pipes used for tests were made of cekupzper made by Tervakoski,
and NomeR paper made by Dupont. Their length was 400 mm diatheter
4 mm. The measures were taken in temperature afgigthe range from 20 to
80°C and liquid flow rate 0,34-1,75 m/s. Table 1 préséhe most important
physicochemical properties of the insulating fluiested at 2TC.
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Fig. 1. Flow system with a pipe for testing stremgnélectrification of insulating fluids: 1 — insu-
lating liquid, 2 — top tank, 3 — measuring pipe; dottom tank, 5 — Faraday cage with measuring
tank located inside, 6keithley 6517 electrometer, 7 — solenoid valve, t&ater, 9 — notebook

Table 1. Properties of the insulating liquids unstedy (20C).

Property, parameter Value
Pery, P Trafo En | Midel 7131
Density p) [kg/m?] 885 970
Viscosity §) [m%s] | 2,04010° 7010°
Molecular diffusion 2 5 7
coefficient () [m7s] 4,35L10 1,16L10
Relative permittii- : 223 3.19
ty (&)
Conductivity §) [S/im] | 7,94[110% 8,77110%

3. RESULTS OF EXPERIMENTS

3.1. Testing of physicochemical parameters

Figure 2 presents the results achieved for the a&iue vs. the accelerated
ageing time. The resulting data demonstrates thBEWM 7131° fluid exhibits a
higher ageing resistance than Trafo En oil. Forem@hoil, considerable change
of that parameter is observed, which for the agémg 100 h reaches almost a
tenfold value. Midel 7131synthetic ester is characterised by higher stgltoiit
acid value in the entire time interval analysed.
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Fig. 2. Acid number vs. accelerated ageing time:Ttafo EN oil, 2 — Midel 711 synthetic ester

Figure 3 shows the plots of density changes vspéeature for Trafo En oll
and Midel 713% synthetic ester. The functiops= f(T) recorded are linear and

decrease along with temperature increase, whehebgednsity decreases a little
faster in the ester than in the oil. Analysing tla¢a of the plot, it can be noted

that the density of organic ester at@0s higher by 85 kg/fthan that of the
mineral oil. The difference decreases as the temtyper of both fluids increases.
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Fig. 3. Density vs. temperature: 1 — Trafo EN 2il; Midel 713% synthetic ester
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The data presented in Figure 4 indicates that sigcof both fluids decreas-

es in a non-linear manner over the entire temperatange analysed. Midel
7131 insulating fluid, both at low and high temperatyrisscharacterised by

almost three times as high viscosity value as diaTRAF EN mineral oil.
Therefore, it has to be concluded that the mingitat more suitable for cooling

the active part of the transformer than Midel 718¢nthetic ester.
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Fig. 4. Kinematic viscosity vs. temperature: 1 aférEN oil, 2 — Midel 7131 synthetic ester
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Fig. 5. Conductivity vs. temperature: 1 — Trafo &N 2 — Midel 713% synthetic ester
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2 — Midel 7131 synthetic ester
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Figure 5 presents the relationships: f(T) between Midel 7131 fluid and
Trafo En mineral oil. Analysing the plots, it cae stated that the synthetic ester

shows greater conductivity than the mineral oigufe 6 shows conductivity

plots recorded while changing the fluid ageing tinmereasing the ageing time
results in a non-linear increase of conductivityd anore intense changes of that

parameter are noted for the mineral oil. It reache®mparable value for both

fluids at the ageing time of 100 hours.
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Fig. 7. Relative permittivity vs. temperature: Trafo EN oil, 2 — Midel 7131 synthetic ester
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Figure 7 illustrates the effect of temperature lb@ thange of the relative
electric permittivity of the fluids tested. For TosEn oil, that parameter reaches
the values, = 2.23 at 20C. Permittivity of Midel 713% is higher almost by one
than the value determined for the mineral oil ¢l £ 3.19. That temperature
causes a slight, of several percent, decreaseetgctlic permittivity in both
liquids. Figure 8 depicts the relationstsipof mineral oil and ester fluid vs. the
accelerated ageing time. It is apparent that agpiogesses occurring in the
insulating fluids tested have virtually no effect the deterioration of electric
permittivity.
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Fig. 8. Relative electric permittivity vs. accel@gageing time:
1 — Trafo EN oil, 2 — Midel 7l?lsynthetic ester

3.2. ECT testsof insulating liquids

Temperature has a significant effect on the physiemical properties of in-
sulating fluids and, consequently contributes te thange of hydrodynamic
conditions in the transformer. The type of solidulation material used is also
important here. Temperature-dependent processesrimegin transformer insu-
lation may determine the streaming electrificaggrenomenon. Figures 9 and
10 provide 3D charts of electrification current obas vs. temperature and Trafo
En oil flow velocity, using a measuring pipe madedlulose and aramid paper.
Analysing the plots, the temperature may be foundatuse significant changes
in ECT of the insulating oil. In the range betweéhand 56C, the electrifica-
tion current rises in a non-linear manner. Oncé pant is exceeded, the current
curves begin to drop as far as t°®0In the temperature range considered,
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Midel 7131 synthetic ester shows no statistically significahinges of ECT
(see Figure 11 and 12).
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Fig. 9. Electrification current vs. temperature #lod/ velocity of Trafo En oil flowing through
a cellulose pipe: 1=0.4 m; R=2 mm
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Fig. 10. Electrification current vs. temperaturel low velocity of Trafo En oil flowing through
an aramid pipe: 1=0.4m; R=2mm
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Fig. 11. Electrification current vs. temperature dow velocity of Midel 713% fluid flowing
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Fig. 12. Electrification current vs. temperaturel dow velocity of Midel 713% fluid flowing
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through an aramid pipe: 1= 0.4 m; R=2 mm

Ageing processes significantly affect also the telezation of mineral olil.
Figures 13 and 14 show the relationships betwesttréication current of Trafo
En oil, flow velocity and accelerated ageing tirfa, the cellulose and aramid
pipes respectively. Rapid decrease of current vaiube initial phase of ageing
can be noted, which achieves its minimum (at t =hp0followed by its non-
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linear increase. For ageing time of 100 h, theenirvalues equate with those
recorded for fresh samples.
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Fig. 13. Electrification current vs. acceleratediag time and flow velocity of Trafo En oil
flowing through a cellulose pipe: | = 0.4 m; R #in
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Fig.14. Electrification current vs. acceleratediagéime and flow velocity of Trafo En oil
flowing through an aramid pipe: 1= 0.4 m; R=2 mm

Likewise the temperature, Midel 713&ster fluid shows no significant de-
pendency between ECT and sample ageing time (Fiduend 16). Changes of
electrification currents in the mineral oil, as oppd to the ester fluid, are very
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rapid and show no clear regularity. Important festo the electrification pro-
cess for both fluids are the flow velocity and matleof the measuring pipe. The

tests demonstrated that the aramid paper incregdsesification of insulating
fluids almost three times, as compared to classdlalose paper.
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Fig. 15. Electrification current vs. acceleratediag time and flow velocity of Midel 7134fluid
flowing through a cellulose pipe: | = 0.4 m; R #in
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Fig. 16. Electrification current vs. acceleratediag time of Midel 7131 fluid
flowing through a cellulose pipe: | = 0.4 m; R #in
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4. CONCLUSIONS

The work of the author aimed at providing a compagaanalysis of physi-
cochemical properties and ECT of Trafo En mineiiaod Midel 713% syn-
thetic ester, used as a cooling and insulating amedn power transformers.
Tests of acid value proved higher resistance tdatidn of Midel 7132 fluid,
comparing to Trafo En oil. Trafo En mineral oildkaracterised by a lower den-
sity and viscosity than Midel 713%ynthetic ester which proves its better cool-
ing properties. A conventional transformer oil katacterised by a lower con-
ductivity, as compared to that of ester fluid, whigroves its better insulating
performance in this respect. Measurements of thaive electric permittivity
proved that the synthetic fluid has the permityiaf approximately one relative
unit higher than the mineral oil. This has a pusiteffect on stress distribution
in the insulating system of a transformer, whichymasult in its increased
strength. Analysing the effect of the measuringepimaterial type on the stream-
ing electrification, it was demonstrated that bwotsulating fluids had a lower
ECT while flowing through a pipe made of standarsulating paper. Nom&x
advanced insulating material based on aramid fil@®ases almost three times
the susceptibility to electrification of the instufy fluids tested. The effect of
temperature on the ECT of Trafo En mineral oildgaaled at the initial heating
phase by an increase of the electrification curipeinig recorded, followed by its
decrease, when the temperature increases abd\ Jhe temperature does not
significantly affect electrification of Midel 7131ester. The electrification cur-
rent measured remained relatively stable, regazdiethe change of that param-
eter. Analysing the effects of the acceleratedrageme on electrification of the
insulating fluids tested, it was proved that, iseaf the mineral oil, the proper-
ties depend considerably on the sample ageing &64. of Midel 713% syn-
thetic ester remained relatively stable, regardtdsthe ageing degree of that
fluid.
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