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ABSTRACT 
 

 

Mineral oil is one of the most common oil that is being used for transformer 

insulation. They act as an insulator and heat dissipator in the system. Failure of 

transformer is a very is quite crucial as it is very costly to replace. Since it is under 

constant pressure of electrical stress and ageing, it degrades and loses its dielectric 

properties easily with course of time and when fall short of its expected lifetime. In 

order to demonstrate the efficacy and capabilities of transformer oil, several 

researchers have conducted experimental studies of due to the growing demand for the 

production of good insulation. For transformer applications, this is achieved by 

suspending the nanosized solid particles in the oil which then called as nanofluid. The 

purpose of this project is to investigate the electrical and thermal properties of mineral 

oil based nanofluids using Quickfield simulation in the presence of the different types¶ 

nanoparticle of magnesium oxide, titanium dioxide and iron oxide which were 

classified based on their conductivity. Different concentration for nanoparticles 1%, 

5% and 10% were used to prepare the nanofluids. A test cell model and dummy three 

phase transformer were designed in order to investigate the electrical and thermal 

properties of the nanofluids. It is found that the addition of nanoparticles enhances 

both electrical and thermal properties the fluid. It is envisaged that the method used 

can be very useful in determining the properties of nanoparticles before testing in real 

life. 
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ABSTRAK 
 

 

 

 

Minyak mineral adalah salah satu minyak yang paling biasa digunakan untuk penebat 

pengubah. Mereka bertindak sebagai penebat dan penyebar haba dalam sistem. 

Kegagalan pengubah adalah sangat penting kerana sangat mahal untuk diganti. Oleh 

kerana tekanan tekanan dan penuaan elektrik yang berterusan, ia merosot dan 

kehilangan sifat dielektriknya dengan mudah seiring berjalannya waktu dan ketika 

jatuh dari jangka hayat yang diharapkan. Untuk menunjukkan keberkesanan dan 

kemampuan minyak pengubah, beberapa penyelidik telah melakukan kajian 

eksperimen kerana permintaan yang semakin meningkat untuk pengeluaran penebat 

yang baik. Untuk aplikasi transformer, ini dicapai dengan menangguhkan zarah 

pepejal nanosized dalam minyak yang kemudian disebut sebagai nanofluid. Tujuan 

projek ini adalah untuk menyiasat sifat elektrik dan termal nanofluid berasaskan 

minyak mineral menggunakan simulasi Quickfield dengan adanya pelbagai jenis 

nanopartikel magnesium oksida, titanium dioksida dan besi oksida yang dikelaskan 

berdasarkan kekonduksiannya. Kepekatan yang berbeza untuk nanopartikel 1%, 5% 

dan 10% digunakan untuk menyiapkan nanofluid. Model sel ujian dan pengubah tiga 

fasa dummy direka untuk menyiasat sifat elektrik dan haba nanofluida. Didapati 

bahawa penambahan nanopartikel meningkatkan sifat elektrik dan haba cecair. 

Diharapkan kaedah yang digunakan dapat sangat berguna dalam menentukan sifat-

sifat nanopartikel sebelum diuji dalam kehidupan nyata. 
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CHAPTER 1  

 

 

 

INTRODUCTION 
 

 

1.1 Introduction  

 

 

The transformer can be explained as a fixed piece of apparatus which has windings, 

with or without the presence of a magnetic core which is used for the purpose of 

transforming a system of alternating voltage and current into another system at the 

same frequency. A transformer collapse can cause economic losses in between the 

power supply interruption, higher cost of changing, and is long lasting to repair. 

Therefore, the safety of the transformer during its operation is the topmost priority. 

Study after the failure shows that the life of a transformer mainly depends on the 

condition of the insulation system and is the second major reason of transformer 

failures [1]. Important factors that could affect the life expectancy of insulation in a 

transformer are overloading, high operating temperature, lightning or line surges, and 

improper lubrication. These points require keen observation and are a very big 

responsibility for the person in charge for the operation and maintenance of the 

transformer. 

 

 

Globally, there are two different types of leading transformers that are designed to 

carry the electrical energy from one electric circuit to another. They include oil filled 

type and dry type transformers. However, the oil filled type transformer is the most 

used in electricity distribution systems [2]. Oil filled transformers as by their name are 

generally filled with liquid known as transformer oil. The oil acts as an insulating 

system and a cooling agent, making the transformer acceptable for outer applications 
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while helping in preservation of the core and winding. Furthermore, the oil helps to 

avoid straight contact with atmospheric oxygen due to susceptibility of the transformer 

to oxidation. Better the performance of transformer oil, higher the efficiency of the 

power system and thus enhancement the power transfer capability. Hence, different 

approaches, preventive and spontaneous maintenance, and repair methods have been 

designed to eliminate or minimize the failures and breakdown probability. 

 

 

 

 

1.2 Problem Statement 

  

 

Most of the transformer suffer failure before their expected age with 

degradation of breakdown voltage and slow dissipation of heat is a major reason due 

to which it makes scientist think to produce a better solution for insulation which 

provides better efficiency to the transformer. Among all the solution one is use of 

nanoparticles in oil insulation which can enhance electrical as well as chemical 

properties. However very limited study in the field of electrical and thermal properties 

had been carried out due to difficulty in synthesizing of nanofluid on large scale. 

Before testing in real life some simulation analysis is required in order to test nanofiller 

performance.  With the increase in demand of energy we need to find optimum 

concentration for of nanoparticles maximum efficiency.   

 

 

 

1.3 Objectives 

 

 

The objectives of this project are 

a) To design models for thermal and electrical analysis of nanofluids using 

Quickfield software. 
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b) To model mineral oil based nanofluids in simulation at different concentrations 

for relative permittivity and thermal conductivity.  

c) To investigate and analyze the effect of relative permittivity and thermal 

conductivity for different concentration on nanofluids. 

 

 

1.4 Scopes of the project 

 

 

a) Study and create the test cell model design for thermal and electrical analysis 

using Quickfield software.  

b) Preparation of properties of mineral oil based nanofluids with the effect of 

different concentration (1-10%) of nanoparticles. 

c) Investigation and analysis of the results shown in simulation for relative 

permittivity (2.2-3.3) and thermal conductivity (0.133-0.195) using Quickfield 

software.  

 

 

 

1.5 Project Outline 
 

 

 

1. Chapter 1: Introduction explains about the importance of insulation in the 

transformer. Explains objectives, scopes, problem statement etc in the later part. 

 

2. Chapter 2: Literature Review explains about the important component such as 

transformer oil, nanofluids, nanoparticles, tests in the nanofluids etc. 
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3. Chapter 3: Research Methodology describes in detail how the Simulations were 

performed and the steps that were taken during conduction of simulation. 

 

4. Chapter 4: Results and Analysis presents the results that were obtained during our 

simulation and analysis of those results and comparison of results for different 

nanofillers. 

 

5. Chapter 5: Conclusion and Recommendation concludes our project work and gave 

a through briefing about the project and future works were discussed later. 

  



 

61 
 

 

REFERENCES 

 

 

 

[1] W. H. Bartley, ³An analysis of international transformer failures,´ Business, vol. 

33, no. 3, pp. 1±5, 2008. 

[2] M. Banovic and J. Sanchez, ³Classification of Transformers Family,´ Merit 

Media Int., vol. 1, pp. 26±33, 2014. 

[3] S. W. Dean, G. A. Mansoori, and T. A. Fauzi Soelaiman, ³Nanotechnology ² an 

introduction for the standards community,´ Journal of ASTM International, vol. 

2, no. 6, pp. 13110±13122, 2005. 

[4] S. U. S. Choi and J. A. Eastman, ³Enhancing thermal conductivity of fluids with 

nanoparticles,´ in ASME International Mechanical Engineering Congress and 

Exposition, vol. 66, pp. 99±105, Washington, DC, USA, 1995. 

[5] V. Segal, A. Rabinovich, D. Nattrass, K. Raj, and A. Nunes, ³Experimental study 

of magnetic colloidal fluids behavior in power transformers,´ Journal of 

Magnetism and Magnetic Materials, vol. 215.216, pp. 513±515, 2000. 

[6] ISO/TS 80004.1:2015. nanotechnologies. vocabulary.part1: core terms, p. 3, 

2015. 

[7] R. Yang, X. Qu, and M. H. Wang, ³Sol±gel synthesis of Badoped ZnO 

nanoparticles and its use in varistor ceramics,´ Micro & Nano Letters, vol. 13, 

no. 10, pp. 1506±1509, 2018. 

[8] M. I. Den Hertog, Characterization of Silicon Nanowires by Transmission 

Electron Microscopy, Joseph Fourier University, 2010. 

[9] C. De Pascali, M. A. Signore, A. Taurino et al., ³Investigation of the gas.sensing 

performance of electrospun TiO2 nanofiber.based sensors for ethanol sensing,´ 

IEEE Sensors Journal, vol. 18, no. 18, pp. 7365±7374, 2018. 

[10] Y. Zhang, J. Zhang, and W. Zheng, ³The stability of CdS QDSCs based on 

optimized MWCNs/CuS counter electrodes,´ IEEE Journal of Photovoltaics, vol. 

8, no. 4, pp. 1142±1148, 2018. 



 

62 
 

[11] Y. Z. Lv, Y. Zhou, C. R. Li, Q. Wang, and B. Qi, ³Recent progress in nanofluids 

based on transformer oil: preparation and electrical insulation properties,´ IEEE 

Electrical Insulation Magazine, vol. 30, no. 5, pp. 23±32, 2014. 

[12] V. Sridhara, B. S. Gowrishankar, Snehalatha, and L. N. Satapathy, ³Nanofluids²

a new promising fluid for cooling,´ Transactions of the Indian Ceramic Society, 

vol. 68, no. 1, pp. 1±17, 2009. 

[13] Y. Z. Lv, C. Li, Q. Sun, M. Huang, C. R. Li, and B. Qi, ³Effect of dispersion 

method on stability and dielectric strength of transformer oil.based TiO2 

nanofluids,´ Nanoscale Research Letters, vol. 11, no. 1, p. 515, 2016. 

[14] J. G. Hwang, F. O¶Sullivan, M. Zahn, O. Hjortstam, L. A. A. Pettersson, and R. 

Liu, ³Modeling of streamer propagation in transformer oil.based nanofluids,´ in 

Annual Report Conference on Electrical Insulation and Dielectric Phenomena, 

Quebec, QC, Canada, 2008. 

[15] M. Z. H. Makmud, H. A. Illias, and C. Y. Chee, ³Partial discharge behaviour 

within palm oil.based Fe2O3 nanofluids under AC voltage,´ IOP Conference 

Series: Materials Science and Engineering, vol. 210, no. 1, article 012034, 2017. 

[16] J. Zhang, F. Wang, J. Li, H. Ran, and D. Huang, ³Influence of copper particles 

on breakdown voltage and frequencydependent dielectric property of vegetable 

insulating oil,´ Energies, vol. 10, no. 7, p. 938, 2017. 

[17] A. Cavallini, R. Karthik, and F. Negri, ³The effect of magnetite, graphene oxide 

and silicone oxide nanoparticles on dielectric withstand characteristics of mineral 

oil,´ IEEE Transactions on Dielectrics and Electrical Insulation, vol. 22, no. 5, 

pp. 2592±2600, 2015. 

[18] R. Karthik, T. S. R. Raja, and R. Madavan, ³Enhancement of critical 

characteristics of transformer oil using nanomaterials,´ Arabian Journal for 

Science and Engineering, vol. 38, no. 10, pp. 2725±2733, 2013. 

[19] N. Ranjan, R. A. R. Prasath, and N. K. Roy, ³Ageing performance on mineral oil 

using ZnO nanofluids,´ International Journal of Innovations in Engineering and 

Technology, vol. 6, no. 3, 2016. 

[20] J. A. Mergos, M. D. Athanassopoulou, T. G. Argyropoulos, and C. T. Dervos, 

³Dielectric properties of nanopowder dispersions in paraffin oil,´ IEEE 

Transactions on Dielectrics and Electrical Insulation, vol. 19, no. 5, pp. 1502±

1507, 2012. 



 

63 
 

[21] Y. Du, Y. Lv, C. Li et al., ³Effect of semiconductive nanoparticles on insulating 

performances of transformer oil,´ IEEE Transactions on Dielectrics and 

Electrical Insulation, vol. 19, no. 3, pp. 770±776, 2012. 

[22] Y. Zhong, Y. Lv, C. Li et al., ³Insulating properties and charge characteristics of 

natural ester fluid modified by TiO2 semiconductive nanoparticles,´ IEEE 

Transactions on Dielectrics and Electrical Insulation, vol. 20, no. 1, pp. 135±

140, 2013. 

[23] Y. Du, Y. Lv, C. Li et al., ³Effect of electron shallow trap on breakdown 

performance of transformer oil.based nanofluids,´ Journal of Applied Physics, 

vol. 110, no. 10, p. 104104, 2011. 

[24] T. Takada, Y. Hayase, Y. Tanaka, and T. Okamoto, ³Space charge trapping in 

electrical potential well caused by permanent and induced dipoles,´ in 2007 

Annual ReportConference on Electrical Insulation and Dielectric Phenomena, 

pp. 417±420, Vancouver, BC, Canada, October 2007. 

[25] K. Raj, B. Moskowitz, and S. Tsuda, ³New commercial trends of nanostructured 

ferrofluids,´ Indian Journal of Engineering and Materials Sciences, vol. 11, no. 

4, pp. 241±252, 2004. 

[26] Berg, H. and N. Fritze, Reliability of main transformers. Reliability: Theory and 

Applications, 2011. 2(1): p. 52.69.  

[27] 14. Rouse, T., Mineral insulating oil in transformers. Electrical Insulation 

Magazine, IEEE, 1998. 14(3): p. 6.16. 

[28] Eastman, J.A., et al., Anomalously increased effective thermal conductivities of 

ethylene glycol.based nanofluids containing copper nanoparticles. Applied 

physics letters, 2001. 78(6): p. 718.720.  

[29] Zhu, H..t., Y..s. Lin, and Y..s. Yin, A novel one.step chemical method for 

preparation of copper nanofluids. Journal of colloid and interface science, 2004. 

277(1): p. 100.103. 

[30]  Kumar, S.A., et al., Synthesis and characterization of copper nanofluid by a 

novel one.step method. Materials Chemistry and Physics, 2009. 113(1): p. 57.62.  

[31]  Lee, G..J., et al., Thermal conductivity enhancement of ZnO nanofluid using a 

one.step physical method. Thermochimica Acta, 2012. 542: p. 24.27.  



 

64 
 

[32]  Chang, H., et al., Process optimization and material properties for nanofluid 

manufacturing. The International Journal of Advanced Manufacturing 

Technology, 2007. 34(3.4): p. 300.306.  

[33] Wang, X..Q. and A.S. Mujumdar, Heat transfer characteristics of nanofluids: a 

review. International Journal of Thermal Sciences, 2007. 46(1): p. 1.19.   

[34] Yu, W. and H. Xie, A Review on Nanofluids: Preparation, Stability Mechanisms, 

and Applications. Journal of Nanomaterials, 2012. 2012: p. 17.  

[35] Du, B., et al. Preparation and breakdown strength of Fe 3 O 4 nanofluid based 

on transformer oil. in High Voltage Engineering and Application (ICHVE), 2012 

International Conference on. 2012. IEEE.  

[36] Liu, M..S., et al., Enhancement of thermal conductivity with carbon nanotube for 

nanofluids. International Communications in Heat and Mass Transfer, 2005. 

32(9): p. 1202.1210. 

[37] A. Raymon, S. Sakthibalan, C. Cinthal, R. Subramaniaraja, and M. Yuvaraj, 

³Enhancement and comparison of nanoester insulating fluids,´ IEEE 

Transactions on Dielectrics and Electrical Insulation, vol. 23, no. 2, pp. 892±

900, 2016. 

[38] A. Thabet, M. Allam, and S. A. Shaaban, ³Investigation on enhancing breakdown 

voltages of transformer oil nanofluids using multi.nanoparticles technique,´ IET 

Generation, Transmission & Distribution, vol. 12, no. 5, pp. 1171±1176, 2018. 

[39] R. A. R. Prasath, P. Thomas, A. P. Cruze, S. N. Mahato, and N. K. Roy, ³Ageing 

analysis of mineral insulating oils using CCTO nanofluids,´ in 2015 International 

Conference on Energy, Power and Environment: Towards Sustainable Growth 

(ICEPE), pp. 1±7, Shillong, India, 2015. 

[40] M. Chiesa and S. K. Das, ³Experimental investigation of the dielectric and 

cooling performance of colloidal suspensions in insulating media,´ Colloids and 

Surfaces A: Physicochemical and Engineering Aspects, vol. 335, no. 1±3, pp. 88±

97, 2009. 

[41] F. O'Sullivan, J. G. Hwang, M. Zahn et al., ³A model for the initiation and 

propagation of positive streamers in transformer oil,´ in Conference record of the 

2008 IEEE international symposium on electrical insulation, pp. 210±214, 

Vancouver, BC, Canada, 2008. 



 

65 
 

[42] J. G. Hwang, M. Zhan, F. M. O¶Sullivan, L. A. A. Petterson, and R. Liu, ³Electron 

scavenging by conductive nanoparticles in oil insulated power transformers,´ in 

Electrostatics Joint Conference, pp. 1±12, Boston, 2009. 

[43] J. G. Hwang, M. Zahn, F. M. O¶Sullivan, L. A. A. Pettersson, O. Hjortstam, and 

R. Liu, ³Effects of nanoparticle charging on streamer development in transformer 

oil.based nanofluids,´ Journal of Applied Physics, vol. 107, no. 1, article 014310, 

2010. 

[44] F. M. O¶Sullivan, A Model for the Initiation and Propagation of Electrical 

Streamers in Transformer Oil and Transformer Oil Based Nanofluids, 

Massachusetts Institute of Technology, 2007. 

[45] V. Segal, A. Hjortsberg, A. Rabinovich, D. Nattrass, and K. Raj, ³AC (60 Hz) 

and impulse breakdown strength of a colloidal fluid based on transformer oil and 

magnetite nanoparticles,´ in Conference Record of the 1998 IEEE International 

Symposium on Electrical Insulation (Cat. No.98CH36239), vol. 2, pp. 619±622, 

Arlington, VA, USA, USA, June 1998. 

[46] W. Sima, J. Shi, Q. Yang, S. Huang, and X. Cao, ³Effects of conductivity and 

permittivity of nanoparticle on transformer oil insulation performance: 

experiment and theory,´ IEEE Transactions on Dielectrics and Electrical 

Insulation, vol. 22, no. 1, pp. 380±390, 2015. 

[47] M. M. Hirschler, Electrical Insulating Materials: International Issues (Online 

ed.), ASTM, West Conshohocken, 2000. 

[48] ASTM D5222.16, Standard Specification for High Fire.Point Mineral Electrical 

Insulating Oil, vol. 10.03, West Conshohocken, PA, 2016. 

[49] J. S. Chahal, ³Investigations on mustard oil for its suitability as insulating fluid 

in transformers,´ 2017 IEEE 19th International Conference on Dielectric Liquids 

(ICDL), 2017, pp. 29±31, Manchester, UK, June 2017 

[50] G..Y. Jeong, S. P. Jang, H..Y. Lee, J..C. Lee, S. Choi, and S..H. Lee, 

³Magnetic.thermal.fluidic analysis for cooling performance of magnetic 

nanofluids comparing with transformer oil and air by using fully coupled finite 

element method,´ IEEE Transactions on Magnetics, vol. 49, no. 5, pp. 1865±

1868, 2013. 



 

66 
 

[51] A. Naddaf and S. Zeinali Heris, ³Experimental study on thermal conductivity and 

electrical conductivity of diesel oilbased nanofluids of graphene nanoplatelets 

and carbon nanotubes,´ International Communications in Heat and Mass 

Transfer, vol. 95, pp. 116±122, 2018. 

[52] Wilson IO. Magnesium oxide as a high.temperature insulant. IEE Proc 

1981;128:159±64.          

[53] Zhang W, Tay HL, Lim SS, Wang Y, Zhong Z, Xu R. Supported cobalt oxide on 

MgO: highly efficient catalysts for degradation of organic dyes in dilute solutions. 

Appl Catal B 2010;95:93±9. 

[54] Poullikkas A. Cost.benefit analysis for the use of additives in heavy fuel oil fired 

boilers. Energy Convers Manage 2004;45:1725±34. 

 

[55] Zhang J, Zhang L. Intensive green light emission from MgO nanobelts. Chem 

Phys Lett 2002;363:293±7. 

 

[56] Selvamani T, Sinhamahapatra A, Bhattacharjya D, Mukhopadhyay I. Rectangular 

MgO microsheets with strong catalytic activity. Mater Chem Phys 2011;129:853±61. 

 

[57] Rao KV, Sunandana CS. Structure and microstructure of combustion synthesized 

MgO nanoparticles and nanocrystalline MgO thin films synthesized by solution 

growth route. J Mater Sci 2008;43:146±54. 

 

[58] Selvam NCS, Kumar RT, Kennedy LJ, Vijaya JJ. Comparative study of 

microwave and conventional methods for the preparation and optical properties of 

novel MgOmicro and nanostructures. J Alloys Compd 2011;509:9809±15. 

 

[59] Zhao Z, Dai H, Du Y, Deng J, Zhang L, Shi F. Solvo.or hydrothermal fabrication 

and excellent carbon dioxide adsorption behaviors of magnesium oxide with multiple 

morphologies and porous structures. Mater Chem Phys 2011;128:348±56. 

 

[60] M.M. Rahman, K.M. Krishna, T. Soga, T. Jimbo, M. Umeno, J. Phys. Chem. 

Solids 60 (1999) 201. 

 



 

67 
 

[61] T. Ohno, D. Haga, K. Fujihara, K. Kaizaki, M. Matsumura, J. Phys. Chem., B 101 

(1997) 6415. 

 

[62] Q. Zhang, L. Gao, Langmuir 19 (2003) 967. 

 

[63] M. Wu, G. Lin, G. Wang, D. He, S. Feng, R. Xu, Chem. Mater. 14 (2002) 1974. 

 

[64] C.S. Kim, B.K. Moon, J.H. Park, B.C. Choi, H.J. Seo, J. Cryst. Growth 257 (2003) 

309 

 

[65] G. Ramakrishna, H.N. Ghosh, Langmuir 19 (2003) 505. 

 

[66] A.J. Rulison, P.F. Miquel, J.L. Katz, J. Mater. Res. (12) (1996) 3083. 

 

[67] McMichael RD, Shull RD, Swartzendruber LJ, Bennett LH, Watson RE. 

Magnetocaloric effect in superparamagnets. J Magn Magn Mate 1992;111:29.33. 

 

[68] Shen L, Laibinis PE, Hatton TA. Bilayer surfactant stabilized magnetic fluids: 

Synthesis and interactions at interfaces. Langmuir 1999;15:447.453. 

 

[69] Jordan A, Scholz R, Wust P, Fähling H, Felix R. Magnetic fluid hyperthermia 

(MFH): Cancer treatment with AC magnetic field induced excitation of biocompatible 

superparamagnetic nanoparticles. J Magn Magn Mater 1999;201:413.419. 

 

[70] Cao JQ, Wang YX, Yu JF, Xia JY, Zhang CF, Yin DZ, Hafeli UO. Preparation 

and radiolabeling of surface.modified magnetic nanoparticles with rhenium.188 for 

magnetic targeted radiotherapy. J Magn Magn Mate 2004;277:165.174. 

 

[71] Jordan A, Scholz R, Wust P, Schirra H, Schiestel T, Schmidt H, Felix R. 

Endocytosis of dextran and silan.coated magnetite nanoparticles and the effect of 

intracellular hyperthermia on human mammary carcinoma cells in vitro. J Magn Magn 

Mate 1999;194:185.196. 

 



 

68 
 

[72] Li Q, Xuan YM, Wang J. Experimental investigations on transport properties of 

magnetic fluids. Exp Therm Fluid Sci 2005; 

30:109.116. 

 

[73] Nash, M.A.; Waitumbi, J.N.; Ho_man, A.S.; Yager, P.; Stayton, P.S. Multiplexed 

Enrichment and Detection of Malarial Biomarkers Using a Stimuli.Responsive Iron 

Oxide and Gold Nanoparticle Reagent System. ACS Nano 2012, 6, 6776±6785. 

 

[74] Aliramaji, S.; Zamanian, A.; Sohrabijam, Z. Characterization and Synthesis of 

Magnetite Nanoparticles by Innovative Sonochemical Method. Procedia Mater. Sci. 

2015, 11, 265±269. 

 

[75] Sanchez.Martinez, A.; Ceballos.Sanchez, O.; Koop.Santa, C.; López.Mena, E.R.; 

Orozco.Guareño, E.; García.Guaderrama, M. N.doped TiO2 nanoparticles obtained by 

a facile coprecipitation method at low temperature. Ceram. Int. 2018, 44, 5273±5283. 

 

[76] Qiao et al ³Simulation and Anal\sis of Oil.immersed Transformer Based on 

Thermal.Fluid Coupled Field´   2014 International Conference on Power System 

Technology (POWERCON 2014) 

[77] Li Yang Et al ³Molecular D\namics Simulation of Temperature Impact on the 

Viscosity of Transformer Oil.   based Nanofluids´ 2016 International Conference on 

Condition Monitoring and Diagnosis . Xi'an ± China 

[78] Weimin Guan et al ³Finite Element Modeling of Heat Transfer in a Nanofluid 

Filled Transformer´ IEEE TRANSACTIONS ON MAGNETICS, VOL. 50, NO. 2, 

FEBRUARY 2014 

[79] Bi]han Et al ³Heat transfer enhancement in distribution transformers using TiO2 

nanoparticles´ Advanced Powder Technology 30 (2019) 221±226  

[80] Yanuar Z. Arief et al ³A Comparative Stud\ on the Effect of Electrical Ageing 

on Electrical Properties of Palm Fatty Acid Ester (PFAE) and FR3 as Dielectric 

Materials´ 2014 IEEE international conference power and energy 



 

69 
 

[81] Arzeo, M. ; Lombardi, F. ; Bauch, T. (2014) "Microwave losses in MgO, LaAlO3, 

and (La0.3Sr0.7)(Al0.65Ta0.35)O.3 dielectrics at low power and in the millikelvin 

temperature range". Applied Physics Letters, vol. 104(21) 

[82] Gwel Zyla ³Viscosit\ and thermal conductivit\ of MgO±EG nanofluids´ J Therm 

Anal Calorim (2017) 129:171±180 

[83] W\p\ch et al³Dielectric Properties and Characterisation of Titanium Dioxide 

Obtained b\ Different Chemistr\ Methods´ Journal of Nanomaterials ā March 2014 

[84] H. O]aki et al. ³Evaluation of relative permitivitt\ and coff. Of thermal expansion 

of TiO2 epox\ composite´  978.1.5386.1194.4/17/$31.00 ©2017 IEEE 

[85] Bin Du et al ³The Eect of Fe3O4 Nanoparticle Si]e on Electrical Properties of 

Nanofluid Impregnated Paper and Trapping Anal\sis´ Molecules 2020, 25, 3566; 

doi:10.3390/molecules25163566 

[86] F Horia et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 956 012016 

 

 

 

 

 

 




