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Abstract  

 
 

“Current carrying capacity and heating investigations of the high current 
devices for current transmission and distribution systems” 

 
 

Current carrying equipment for power engineering is getting smaller and more 

compact in order to meet customer demands. In spite of small dimensions it should 

be able to carry still growing currents, which cause high current densities in the 

current carrying parts and therefore cause the high heating of these parts. Due to 

small dimensions the heat transfer from these devices is restricted too. To assure 

that the maximum temperature rise in the equipment parts doesn’t exceed the 

allowed temperature rise fixed in the standards, temperatures in these parts should 

be calculated first, for instance with thermal networks. To achieve a good accuracy of 

the temperature calculation, the parameters as skin effect factor of the current path 

and of the enclosure, n1-, c1-factors of the affinity function Nu = c1(GrPr)n1 for natural 

convection and n2-, c2-factors for the affinity function Nu = c2Ren2 for forced 

convection must be known. 

For this reason dependency investigations of the skin and proximity effect on the 

geometry of the current path and the enclosure of the Generator Circuit Breaker as 

well as on the geometry of the rectangular current bus bars have been carried out. In 

particular the influence of the enclosure, the dimensions of the current path, the 

phase shift between the current in the current path and in the enclosure, the 

influence of the different heat sink types on the current path, the temperature of the 

current paths and the current frequency on the skin effect of the current path and of 

the enclosure have been investigated. For rectangular bus bars of the three-phase 

current system the dimensions of the bus bar as well as its alignment and distance 

the other bus bars have been examined. The results of these investigations reveal 

parameters, which have the strongest influence on the skin effect in the current path. 

Another part of this work deals with heat transfer from the current path to the ambient 

air. The power losses produced in the current carrying parts are transferred through 

convection, radiation and conduction from these parts to the ambient. For better 

cooling effectiveness several heat sink types, for example on the parts of generator 

circuit breaker, can be used. To improve the accuracy of the temperature calculation 

with thermal networks, the n1- and c1-factors of the affinity function Nu = c1(GrPr)n1 
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for natural convection, depending on the angle of the heat sink  to the airflow have 

been determined experimentally. Another point of thermal investigation was the heat 

sink cooling with air, while the air was pre-warmed by other hot parts below the heat 

sink. This kind of interaction appears particularly in very compact devices and should 

therefore be investigated for the better accuracy of temperature calculation with 

thermal networks. Investigations have been carried out for different average 

temperatures of the heat plate, which was placed below the heat sink and for 

different heat sink positions to the airflow. Additionally the impact of the air stream 

detaining parts below the heat sink on the convective heat transfer from this heat sink 

by free convection was determined. 

To improve the convective heat transfer from the current path to the ambient forced 

cooling of this path can be used. It allows transferring much more heat power from 

the current path and therefore higher current loads without exceeding its maximal 

allowed temperature rise. The effectiveness of the heat sink by the forced convection 

depends similar to the free convection on its alignment in the cooling air stream and 

on its design. The velocity of the cooling air and the bypass above and besides of the 

heat sink are relevant too. To investigate all these parameters two heat sink types 

(pin fin heat sink and fin heat sink) were investigated in different wind tunnels, with 

different positions to the air stream as well as with different velocities of the cooling 

air. For each heat sink the convective heat transfer coefficient αKo and the c2-, n2-

factors of the affinity function Nu=c2Ren2 have been determined. The comparison 

between the values of the convective heat transfer coefficient αKo shows which heat 

sink and which heat sinks positions in the air stream are particularly favorable for 

convective heat transfer from the heat sink.    
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