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INTRODUCTION

One of the basic properties of materials asgecially of insulating oils
investigated and analyzed in this study is thermal conductivity. A further useful
feature of these materials is the dielectric constant as well as the electrical
conductivity.

The above properties are important propertieste field of application of
these oils: transformers. Their role is the electrical insulation between the windings of
a transformer, as well as the transfer of heat from the core and the windings to the
external cooling system, since the core, windingstaansformer brackets, which
constitute the solid insulation, are impregnated with the insulating oil.

In the present study we will analyze the experimental processes of study of
both thermal (flash technique) and dielectric behavior (diétespectroscopy) of the
sample materials.

SUMMARY

In the frames of the diploma thesis, in the Dielectric Laboratory of Physics of
the School of Applied Mathematics and Physics NTUA, in collaboration with the
School of Electrical and Computer EnginagrNTUA as well as with the University
of Patras, samples of oils were studied for use in transformers. These samples were:
pure synthetic oil of vegetable origin, four samples of the same oil with magnetite
nanoparticles and two samples with graghen

The first stage of the experimental measurements relates to the thermal
conductivity of the samples. A new laboratory device based on the flash technique
was used to determine thermal conductivity (Netzsch LFA467). For the determination
of thermal condudtity, it is necessary to know the density and specific heat of the
sample. The density is known by the manufacturer and the specific heat was measured
by the corresponding method in DSTA Q200) which is available in the laboratory.

The second stagd experimental measurements relates to the dielectric
behavior of the nanoils. All measurements were made in the Laboratory's BDS
(Broadband Dielectric SpectroscompparatugAlpha Analyzer by Novocontral)

With the use of Grafity and Origin progranedectrical conductivity results as a
function of frequency and temperature.

By combining the results of the two abeweentioned experimental
procedures, the most appropriateanplesare selected.
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Thermal Conductivity of Common Materials (at 25° C)

Material - Conductivity (Watts/meter-°C)
Acrylic 0.200
Air ' 0.024
Aluminum 250.000
Copper 401.000
Carbon Steel | 54.000
Concrete 1.050
Glass ; 1.050
Gold ‘ 310.000
Nickel | 91.000
Paper ‘ 0.050
PTFE (Teflon) 0.250
PVC . 0.190
Silver j 429.000
Steel ; 46.000
Water | 0.580
Wood 0.130
KoohsU 1.4 EegdlUladdbbBed UdlljUgs ais UG h) v3 gas
[53]
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Characterization

Wavelength, A

Cosmic rays

Gamma rays

X rays

Ultraviolet light
Visible light

Near infrared radiation
Far infrared radiation
Millimeter waves
Microwaves

Shortwave radio & TV

Longwave radio

< 0.3 pm
0.3-100 pm
0.01-30 nm
3-400 nm
0.4-0.7 pm
0.7-30 pym
30-1000 pm
1-10 mm
10-300 mm
300 mm-100 m
100 m-30 km

Thermal Radiation
0.1-1000 uym
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Monochromatic emissive power, e) kW/mz-micron
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Investigator Formula Comments
ke k +2k, +2p(k —k.) Based on Effective medium theory
Maxwell kﬁ = kp ; X £ % £ [EMT], randomly dispersed, and
o’ r ¥ 2 r =#( r f} uniformly sized spherical particles.
Hamilton — ;(q? k_, +(n- I'}'kf ~(n- l}iﬁ{ﬁf _,rfp} Applicable  for  spherical  and
Crosser i'_= i Dk I —k cylindrical particles. Developed by
o i P+("— ) I'Hﬁ( - P} using Shape factor.
Bruggeman For a  binary mmre  of
model ki= {3;&_]]_4_{2 3¢}+_IJ_ homogeneous spherical and
,E; _r' randomly dispersed nanoparticles.
Hui, X. Zhang, k, Particles  interaction taken into
[ _ +¢2 39)° +22+99-9¢° [E account. No limitation for particle
volume fraction.
Wasp model keﬂ’ — ‘krr +2‘kf _2¢{k}' - kp} Shape factor is unity. Not valid for
Xuan and Li kf kp + 2&}_ + (ﬁ‘(kf _ kﬁ') spherical particles.
Based on fractal theory and the
E N modification of Bruggeman model.
\[iu Xuanal _ [kp+2kd)+2_4 {kp_ ml} Considered the effect of size,
ang, et al o Tad (k +2kﬂ|]__43{k -k cluster and surface adsorption of
? F particles. ~ Valid ~ for  CuO
nanoparticles.
Inclusion of interfacial laver and
apphied the concept of
., k k +2k +72 .f( 1+ Ay  superposition principle of parallel
?: a:nd \Indcl{lj— = Plhye =k X "83 and series thermal conductivity.
Aot j k . T Zk —i,‘ff{k kf}“ +5) Modified Maxwell model and
thermal conductivity of equivalent
particles raken in to account.
Developed by the random motion
Xuan, et al. ki _ k, +2k, +2¢k, —k,) . e, of nanoparticles, interfacial
by ok, 42k, —glk, —k,) 2k, 3wy interactions and the second term
has wrong unit.
k 3042
Xie, et al. — =1+ 30¢, +——— Considered th laver thickness.
e, et a %, I—op onsider: e nanolaver thickness
Based on Fourter law of diffusion
i
Kumar, et al. ki =1+C QKZTZ b P firf and kinetic theory to study the
r e, s (A=), Brownian motion effect

Koo and
Kleinstreuer

k k

_—"“"+Lx5x10'pc# Kol .
k,  k, Kk, \‘ pD

Considered the randomly moving

nanoparticles with Brownian
MOtion having unknown
parameters.
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Investigator Formula Comments
Bhattacharv Inclision of combined base fluids
cl:l chacys, k.n;g}‘ = qﬁk P"‘{l — l;f’}kf and nanoparticle thermal

Jang and Cho

Prasher, et al.

Chon, et al.,

Shukla and
Dhir

k o d
i r z
=] ——kpRe " d, P
k, + ﬂ".,, rp Re™ d, Pr

{1+ 2ex)+ 2l — ex)

&
k_'*:_ =(1+ dg Re™ Pr™*™)
X

1+ 2a)—g(l — )

B 'S
k o k
ey _ | 2 P gl .
P 1+ 64 .7 [d)[k)lrﬂe

f4 A

-
k, b, 42k =k, =k, )

a3z Ux2Ud z83 Uyssely dibjyeosms e HUqUUJ

[16]

Aikeer

a

ko I:kp + 2k, + 20k, -k,)]+ CH(T =To)

conductivities.

Considered the convection and
conduction  hear  transport  and
dynamic nanoparticles.

Developed by the effect of
localized convection near the
particle and interfacial resistance.

Relays on Reynolds number based
of Brownian and Al
nanoparticles.

Based on Macroscopic  model,

Brownian monon and set the lower
himat for Brownian motion.
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(Steady State Methods)
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Triangular pulse shape

(@ = 0.25) Rectangular pulse shape

{0/ K,/0.1388 K,/0.1388 K,/0.1388 K, 0.1388
2 1.277 1.010 1.362 1.020
5 1.093 1.001 1.115 1.002
10 1.044 1.000 1.054 1.001
20 1.021 1.000 1.026 1,000
50 1.008 1.000 1.010 1.000
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amplifier
IR detector ——|
software
sample holder ‘
with samples ™ = furnace P.C.
- power
[
printer
light source — u
AT
T i
pulse
forming ———-
network V2AT o
>t

Aooah3aU 3.4 EcdeUUsoae UsU UpvyaUPBid aUsUsg) oa

upper furnace window|

sample holder with samples
(round or square)
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Diffusivity Suggested thickness (mm)

low diffusivity 1to 1.5
e.g. polymers
(0.001cm?5s)

medium diffusivity 1.5t0 2
e.g. ceramics
(0.05 cm?s)
high diffusivity 2to 3
e.g. copper
(1 cm’/s)
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1. Sampling interval 1.0sec/point

2. Zeroheat flow at75¢C

3. Equilibrate af®C

4. Modulatedt/- 1.04C every100seconds
5. Isothermalor 5.0 minutes
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6. Ramp2AC/min to 150°C

UyacgelU a5 h3 3 UCoad sl sso celfililesa diyUmsheds D 2 a3 Us
99U a¥dU Gdctdege OUsedqgUZsoe jee dUyehUqUUJ
(modulation 3 U ycUssecoUpacad@legoiNgdU;ed o250 5 a0’
} gddmmUse o0 U 30 @wlyaUs GUegd 1500

jei @265 h3 eeacoadyydUa d eyUy dad, Uay o
dU; e U4 UCUBWGe gl (iMUs) 98 ~6g ehasd eUUjyeddasl
dUx); dUsoee Usee U '@ DGYUOYNOY ddaseBpxisaoed dU
aUs UsUstUj; U UedkChReWi s 5 pdod0PBEUHURHJUEs Us U
“"a3UaU aUd bYGd UUleceypayd, Use¥Wd) e UUdgdgUBgU
“"Usj3 UeUUsoayd.

KCp (Total) = Theoretical (Table) Value / Measured Value
KCp (Reversing) = Theoretical (Table) Value / Measured Value
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UUy € 8 @ neat |+0.004% | +0.006% | +0.008% | +0.012% | +0.010%| +0.012%
(@ magnetitg magnetite | magnetite| magnetite| graphene graphene
25 1,68 1,76 1,78 1,85 1,94 1,70 1,53
50 1,77 1,85 1,86 1,93 2,03 1,77 1,59
70 1,84 1,93 1,93 2,00 2,10 1,85 1,66
90 1,91 2,01 2,01 2,07 2,17 1,89 1,70
110 1,99 2,09 2,08 2,15 2,25 1,95 1,75
130 2,07 2,18 2,16 2,23 2,33 2,02 1,79
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Measurement template @)

|Used template: oil test 2 |X|
Voltage: | 230 Y
Duration: | 495714 |ms
Pulse width: | 500 us
Pre gain: | 10000

Main gain: | 2000
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FR3+0.008% magnetite (20°C)
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