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Discussion: 
 
A steady-state thermal analysis was performed for the proposed Arc Flash Resistor and 
it’s enclosure.  Results indicate temperatures in the enclosure in excess of 120 deg 
Celsius.  Several hand calculations, spreadsheets and ultimately a finite element model 
were utilized. 
 
 
Geometry, Materials and Assumptions: 
 
The 2.5” x 5” x 10” resistor is housed in a metal enclosure approximately 22” tall, x 22” 
wide x 19” deep.  This enclosure is housed in a larger metal cabinet, approximately 109” 
tall, 60” wide and 50” deep.  See Figure 1. Natural convection, along with radiation and 
conduction were used.   

 
Figure 1. 3-D Model of Arc Flash Resistor and enclosure 

Technical Note 
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Calculations: 
 
Hand Calculations: 
Hand calculations were performed.  These calculations indicate that the maximum enclosure 
temperature is between 147 and 217 degrees Celsius.  Appendix 1 shows the hand calculations 
performed. 
 
FEA Modeling: 
A finite element model was then developed to determine a more accurate temperature distribution 
at various locations within the structure.  
 
A quasi-3-Dimensional model was built.  See Figure 2. The model used planar elements with the 
depth option, along with radiation Link elements.  This model consisted of a total of 12,468 
elements, 12,654 nodes.  Appendix 2 lists and describes the elements used and other FEA model 
parameters. 
 

 
Figure 2.  FEA model of electrical cabinet and arc flash resistor and enclosure. 
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Loads and Boundary Conditions: 
 
Volumetric heat generation was used to apply a heat load of 435W to the resistor.  (2.123x 105 
Watts/m3). The outside of the large cabinet was subjected to a natural convection in 30 deg 
Celsius ambient air.  Appendix 3 shows the film coefficient calculations used.  The inner box and 
heater were also subjected to natural convection.  Since this was not a Computational Fluid 
Dynamics (CFD) model, the convection was lumped into the conduction parameter for the trapped 
air.  Appendix 4 describes the method used to determine the equivalent conduction.  Since the 
calculation for the film coefficient depends on the temperature differential of the surface and bulk 
fluid temperature, several iterations of the FEA model were required to first obtain the resulting 
fluid temperature, re-calculating the film coefficient, then running the model again.  This required 
two to three iterations, and converged rather quickly. 
 
Results: 
 
A peak temperature of 228 deg C was reached on the surface of the resistor.  The enclosure walls 
reached 120 deg Celsius.  Figure 3 shows the temperatures of the heater, air and metal 
enclosure.  Figure 4 shows the temperatures for the entire cabinet. 
 

 
Figure 3: Temperature of heater, air and metal enclosure. 
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Figure 4: Temperatures of entire electrical cabinet 

 
 
Summary: 
 
Of the 435 Watts given off by the resistor, approximately 150 Watts is removed by radiation to the 
nearby enclosure walls.  The remaining 285 watts is distributed through natural convection and 
conduction of the air trapped within the enclosure and cabinet, and ultimately to the outside 
ambient air by conduction through the cabinet walls.  This results in a peak temperature of 228 
deg Celsius at the resistor surface and 120 degrees Celsius on the metal enclosure walls. 
 
 
The FEA model can be used to do more studies and test various heating/cooling scenarios. 
 
 
 
Please direct any questions or concerns to Viorel Badea, x7104 or Steven Bellavia, x4846.
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Appendix 1: Hand Calculations 
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Appendix 1: Hand Calculations (continued) 
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Appendix 2: FEA Database Summary 
 
TITLE = Arc Flash Resistor FEA Model                                           
 ANALYSIS TYPE =  STATIC (STEADY -STATE) 
 NUMBER OF ELEMENT TYPES =      2 
   12468 ELEMENTS CURRENTLY SELECTED.  MAX ELEMENT NUMBER =    12468 
   12654 NODES CURRENTLY SELECTED.     MAX NODE NUMBER =       12654 
      28 KEYPOINTS CURRENTLY SELECTED. MAX KEYPOINT NUMBER =      28 
      36 LINES CURRENTLY SELECTED.     MAX LINE NUMBER =          36 
      12 AREAS CURRENTLY SELECTED.     MAX AREA NUMBER =          12 
      6 COMPONENTS CURRENTLY DEFINED 
 MAXIMUM LINEAR PROPERTY NUMBER        =      10 
 MAXIMUM REAL CONSTANT SET NUMBER      =       6 
 ACTIVE COORDINATE SYSTEM              =       0  (CARTESIAN)   
 NUMBER OF SPECIFIED SURFACE LOADS     =     430 
 NUMBER OF SPECIFIED ELEM BODY FORCES  =      52 
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Appendix 2: FEA Database Summary (continued) 
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Appendix 3: Film Coefficient Calculations: 
 

 
 
 
 
Calculation of Equivalent Conduction: 
 
   Heat transfer coefficient / equivalent conduction   
           

Region dT L a b c h=a x (dT/Lb)c x Kair Keq mat'l # 

  K m       W/m2-K m W/m-K W/m-K   
heater top 106 0.127 1.32 1 0.25 7.094952092 0.0635 0.02624 0.476769 8 
heater sides 111 0.127 1.42 1 0.25 7.720904112 0.15 0.02624 1.184376 9 
heater bottom 128 0.127 0.61 2 0.2 3.674940742 0.43 0.02624 1.606465 10 
             
box top 87 0.483 1.32 1 0.25 4.835784754 0.335 0.02624 1.646228 5 
box sides 31 0.483 1.42 1 0.25 4.01922191 0.483 0.02624 1.967524 6 
box bottom 47 0.483 0.61 2 0.2 1.762668138 1.868 0.02624 3.318904 7 
             
cabinet top 44 1.27 1.32 1 0.25 3.202478112      
cabinet sides 31 1.27 1.42 1 0.25 3.156296819      
cabinet bottom 28 1.27 0.61 2 0.2 1.079543018         
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Appendix 4: Equivalent Conduction 
 
 

 


