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(5)PREFACE 


The problems of predicting the physical conditions 
 responsible for axial breakdown, and axial current leakage 
 through the insulating walls in segmented electrode MHD 
 generators due to Hall effect have been the centre of focus 
 of the present investigations. 


A basic theoretical model, developed in the early 
 stage of the studies, reveals the dependence of axial 
 breakdown potential of the inter-electrode insulating wall 
 on various parameters like its temperature, geometrical 
 dimensions, and electrical and thermal conductivities of its 
 materials.  The model shows a decrease in the breakdown 
 potential and increase in the axial current leakage with an 
 increase in the insulating wall temperature. The model also 
 shows that the breakdown voltage increases with an increased 
 inter-electrode gap-size. The breakdown potential also 
 shows an inverse proportion with the length of the 
 insulating wall in a direction normal to the direction of 


- direction C r/. o , ph 26)], 


plasma flow,  The model also shows that breakdown is more 
 often initiated through the plasma than through the 
 insulating wall.  The insulating wall initiates breakdown 
 only under the conditions of small insulator gap-size and 
 high wall temperature. The axial current leakage predictions 
 on the basis of this model show considerable deviations from 
 the experiments for high temperature gradient conditions 
 inside the insulating wall. The predictions, however, come 
 closer to the experiments as the temperature gradients are 


vi 



(6)reduced. The above mentioned studies, made for magnesia and 
 alumina walls, lead to the same results except that the 
 breakdown potential can more accurately be predicted for 
 alumina than magnesia, although magnesia walls can sustain 
 MHD duct conditions for a longer time. 


The deviation of the basic model from the 
 experiments for high temperature gradients inside the 
 insulating wall has been removed by modifying the model. 


The modified model is based on the assumption that much 
 higher current leakage takes place through a small portion 
 (the conduction zone) of the insulating wall situated near 
 the hot surface of the wall exposed to the plasma, as 
 compared to the remainder of the wall (the non-conduction 
 zone).  The dimensions of the conduction zone are estimated 
 by assuming upto a 10% fall in the electrical conductivity 
 of the insulating wall material with the distance from its 
 hot surface. The model indicates that the breakdown 
 potential is much lower for the conduction zone than for the 
 non-conduction zone, thus indicating the necessity for extra 
 care being taken while designing the MHD channel. The 
 predictions of axial current leakage through the insulating 
 walls on the basis of this model show a better agreement 
 with the experiments as compared to the basic model. 


The effect of porosity of the insulating wall 
material on the axial current leakage and breakdown 
potential has also been studied which indicates higher 
breakdown potential and lower leakage current for porous 



(7)material.  The inclusion of porosity effect with the 
 modified model creates a still better agreement between the 
 model and the experiments. 


Experimental investigations for axial current 
 leakage in MHD generators have been made in the absence of 
 magnetic field across the duct by applying axial electric 
 field externally.  Axial current has been measured both in 
 the presence and the absence of plasma in the duct under 
 different thermal conditions for different insulator gap- 
 sizes.  78% pure alumina with a 26% volumetric porosity has 
 been used as the insulating wall and the experimental 
 results are found to be in a good agreement with the 
 modified model for porous insulators. Both the experiments 
 and the theory indicate the suitability of porous alumina as 
 the inter-electrode wall material, provided that the gap-
 size and the thermal conditions are kept in accordance with 
 the theoretical predictions. A useful theory for predicting 
 the axial current leakage and breakdown in MHD generators 
 has thus been developed. 
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