
PROBLEM 3.86  
KNOWN:  Diameter, resistivity, thermal conductivity, emissivity, voltage, and maximum temperature 
of heater wire.  Convection coefficient and air exit temperature.  Temperature of surroundings.  
FIND:  Maximum operating current, heater length and power rating.  
SCHEMATIC:   

  
 
 
 
 
 
 
 
 
ASSUMPTIONS:  (1) Steady-state, (2) Uniform wire temperature, (3) Constant properties, (4) 
Radiation exchange with large surroundings.  
ANALYSIS:  Assuming a uniform wire temperature, Tmax = T(r = 0) ≡ To ≈ Ts, the maximum 
volumetric heat generation may be obtained from Eq. (3.60), but with the total heat transfer 
coefficient, ht = h + hr, used in lieu of the convection coefficient h.  With 
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Also, with ΔE = I Re = I (ρeL/Ac), 
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and the power rating is 
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COMMENTS:  To assess the validity of assuming a uniform wire temperature, Eq. (3.58) may be 
used to compute the centerline temperature corresponding to maxq&  and a surface temperature of 

1200°C.  It follows that 
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  With only a 

7°C temperature difference between the centerline and surface of the wire, the assumption is excellent. 

Nichrome wire
D = 2 mm

T∞ = 60°C
Tsur = 60°C


