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7.30 Consider atmospheric air at u∞ = 2 m/s and T∞ = 300 K in parallel flow over an isothermal 

flat plate of length L = 1 m and temperature Ts = 350 K. 

 

(a) Compute the local convection coefficient at the leading and trailing edges of the hot plate 

with and without an unheated starting length of ξ = 1 m. 

 

 

(b) Compute the average convection coefficient for the plate for the same conditions as part (a). 

 

(c) Computer Icon Plot the variation of the local convection coefficient over the plate with and 

without an unheated starting length. 



 



 
 
 
 

 



 



 
 
 
 
 
 
 
 



7.36 A long, cylindrical, electrical heating element of diameter D = 12 mm, thermal conductivity 

k = 240 W/m ⋅ K, density ρ = 2700 kg/m3, and specific heat cp = 900 J/kg ⋅ K is installed in a 

duct for which air moves in cross flow over the heater at a temperature and velocity of 30°C and 

8 m/s, respectively. 

 

(a) Neglecting radiation, estimate the steady‐state surface temperature when, per unit length of 

the heater, electrical energy is being dissipated at a rate of 1000 W/m. 

 

(b) If the heater is activated from an initial temperature of 30°C, estimate the time required for 

the surface temperature to come within 10°C of its steady‐state value. 

 



 



 
 
 



 



 
 



 



 



 

 



 



 



7.70 Consider the in‐line tube bank of Problem 7.69 (D = 10 mm, L = 1 m, and ST = SL = 15 mm), 

with condensing steam used to heat atmospheric air entering the tube bank at Ti = 25°C and V = 

5 m/s. In this case, however, the desired outlet temperature, not the number of tube rows, is known. 

What is the minimum value of NL needed to achieve an outlet temperature of To ≥ 75°C? What is 

the corresponding pressure drop across the tube bank? 

 



 



 
 



 
 
 


