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ABSTRACT

Large scale (∼ 1B cell) conjugate heat transfer calculations of a low-voltage transformer winding
have been conducted. The fluid has high Prandtl number of O(100), meaning that convection
is the dominant mode of heat transfer. As a result, streaks of hot fluid are formed within
the oil channels (Fig. 1). It is shown that these streaks induce buoyant forces, altering the
flow-path, ultimately leading to local hot-spots of sufficient temperature to cause premature
degradation of the paper insulating material (Fig. 2). The present contribution builds on an
earlier work, [1], by extending the calculations to 3D, and including the solid domain within a
conjugate heat transfer framework. The CFD code, Code Saturne is coupled with the thermal
code Syrthes. The full paper will outline the importance of these extensions in producing an
accurate simulation.

Environmental factors can play a pivotal role in the performance of the radiator. Since the
oil flow is driven by natural convection, this affects the flow rates and temperatures within
the transformer. It has been shown in [1,2], that a small change in the operating conditions
can have a marked effect on the disc temperature, due to slight alteration in the location of
the aforementioned streaks. In the full paper we evaluate the sensitivity to inlet conditions
via pseudo-spectral collocation method based on orthogonal polynomial expansion. The inlet
velocity is considered as a random variable with known distribution and the effect on temperature
distribution is presented.

A greater understanding on the role of the hot streaks within the transformer can lead to
improved performance. For example, simple geometrical modifications can lead to the breakup
or repositioning of any problematic streaks, thereby avoiding the local hot-spots that otherwise
arise. The full paper will outline such optimisations.
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Fig. 1: The formation of hot streaks Fig. 2: Local hot spots


