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Characterization of transformer oil based magnetic fluid† Kinnari Parekh & R V Upadhyay Department of Physics, Bhavnagar University, Bhavnagar 364 002, India Received 24 January 2003; accepted 24 October 2003 In the present paper two different magnetic fluids synthesized earlier with transformer oil as carrier liquid are characterized. The magnetic properties of these fluids are studied using viscometry, magnetometer and Quincke’s technique. The properties of the magnetic fluid are compared with those of the pure transformer oil and the results are discussed. IPC Code: Int. Cl.7 H 01L 27/00



The use in a thermo-convective process is one of the conceptual applications of magnetic fluid, which remains underutilized. In the thermo-convective process, usually four stages of a thermodynamic cycle are included. These are the heating of the liquid in a strong magnetic field, its cooling in a zero magnetic field region, the heat removal during isothermal fluid magnetization1 at temperature, T1, and the heat addition during the fluid demagnetization at higher temperature, T2. This principle of thermomagnetic convective devices may be used only when the heat source is located in the region of high magnetic field. The most representative example of thermoconvective device is a system around a transformer. Usually, strong magnetic field exists around a transformer due to an electric current, which is simultaneously a source of heat. In transformers, cooling of the windings as well as of the core is usually accomplished by natural convection in a liquid mantle. Since the natural convection intensity is proportional to the dimensions of a cavity filled with a heat carrier, their large overall dimensions ensure the reliability of a power transformer. When transformer oil is replaced by a magnetic fluid, the heat transfer may be significantly improved. The temperature dependence of the saturation magnetization and the presence of a non-uniform magnetic field are the basis for an additional convective flow of magnetic fluid. Since the magnetization of the fluid decreases with increasing temperature, at elevated temperature (i.e. high temperature) the magneti__________ †Presented at International Workshop on Recent Advances in Nanotechnology of Magnetic Fluids, held at National Physical Laboratory, New Delhi, during 22-24 January 2003



zation of the ferrofluid is lower than that at room temperature. Hence, the fluid next to the windings is not as strongly attracted in comparison to the fluid away from the windings in the cooler region of the transformer. The ac magnetic field causes the magnetic fluid to circulate, thus providing a heat transfer, that is predominantly radial in direction. This additional force is significantly higher than the natural buoyancy force and should reduce winding temperature2 or enable the configuration of smaller cooling mantles. This additional force depends upon the combination of several properties of the fluids viz.; (i) a high pyromagnetic co-efficient, ∂M/∂T, (ii) a low Curie temperature, TC, iii) a large thermal conductivity, K, and (iv) a low viscosity, η. In order to optimize the above parameters it is necessary to study the physical, magnetic and rheological characteristics of the fluid. In this paper the study of two different magnetic fluids satisfying the above requirements are presented. Since the main aim to prepare such fluids with transformer oil as carrier is to use it in a power transformer for improving its cooling efficiency, some of the additional properties of the fluid like electrical insulation, pour point and water content are also studied before its practical use. Experimental Procedure Two different samples BUT-1 and BUT-2 were synthesized previously in transformer oil3. Both the samples are characterized using physical, magnetic and rheological measurements. Since the functioning of the transformer oil in a transformer is not only to work as a coolant but also to work as an insulating medium between the primary and secondary windings
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of the coil and between the windings and the wall of the transformer, the properties related with the insulation are important. The required properties of the transformer oil for that are: (i) it must be completely free from dust, fibres, moisture and other solid matter, (ii) it should be stable against oxidation at the working temperature, i.e. ~ 90°C and (iii) it should have the right viscosity and thermal conductivity so it can work as an efficient coolant. In order to maintain these criteria several tests of the insulating oil are carried out (Table 1). In the last column of Table 1, the value obtained for transformer oil base magnetic fluid is given. All these measurements for pure oil as well as for magnetic fluid were carried out according to IS: 335: 1993 at Electrical Research & Development Association, Vadodara. From the table it can be seen that the breakdown voltage of magnetic fluid is about 30% higher than that of the transformer oil. Further, it can be seen that the other properties, which can cause degradation of oil, do not change significantly. The magnetization measurement of the fluid sample was carried out using extraction technique. The instrument was calibrated with the fluid of known magnetization. A double wall U shape glass tube with inner diameter of 0.3 cm was used to measure the change in susceptibility with temperature. The tube was mounted in



good thermal contact with a constant temperature bath having an accuracy of ± 1 K. One of the limbs of the tube was in a uniform magnetic field while the other limb was well outside the magnetic field. The change in fluid height as a function of temperature under the presence of an applied magnetic field was measured4 using a travelling microscope accurate to 10–5 m. The viscosity of the magnetic fluids was studied using a Wells-Brookfield cone/plate digital viscometer model DV-II+. The temperature of the sample cup was maintained up to an accuracy of ± 0.01 K with the help of a constant temperature bath. Results and Discussion Magnetization measurement



Fig. 1 shows the reduced magnetisation, M/Ms versus applied magnetic field, H, for both samples. To deduce the magnetic diameter and domain magnetization of particle, Langevin's model was used. In this model two assumptions were made that each magnetic particle is considered to be independent so that the system resembles a paramagnetic gas and all the particles are of same size. According to this model, the magnetization M is a function of applied field H and is given by



Table 1—Characteristics of transformer oil and BUT-2 fluid Sr. No.



Property



Value for pure oil



Value of fluid



1



Specific gravity @ 303 K (kg/m3)



0.83 ×10-3



0.98 ×10-3



2



Kinematic viscosity @ 300 K (kg/m-s)



16.64 ×10-3



20.9 ×10-3



3 4



Pour point (K) Neutralization value a. Total acidity, mg KOH/g b. Inorganic acidity/ Alkalinity
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