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1) Water entering at 10°C is to be heated to 40°C in a tube of 0.02-m-ID at a mass flow rate 

of 0.01 kg/s. The outside of the tube is wrapped with an insulated electric-heating element 

(see Figure) that produces a uniform flux of 15,000 W/m2 over the surface. Neglecting 

any entrance effects, determine 

 

(a) the Reynolds number 

(b) the heat transfer coefficient 

(c) the length of pipe needed for a 30°C increase in average temperature 

(d) the inner tube surface temperature at the outlet 

(e) the friction factor 

(f) the pressure drop in the pipe  

(g) the pumping power required if the pump is 50% efficient. 

 

2) Used engine oil can be recycled by a patented reprocessing system. Suppose that 



such a system includes a process during which engine oil flows through a 1-cm-ID, 

0.02-cm-wall copper tube at the rate of 0.05 kg/s. The oil enters at 35°C and is to be 

heated to 45°C by atmospheric-pressure steam condensing on the outside, as shown 

in Figure. Calculate the length of the tube required. 

 
 

 

3) Calculate the average heat transfer coefficient and the friction factor for flow of 

n-butyl alcohol at a bulk temperature of 293 K through a 0.1-m    0.1-m-square duct, 

5 m long, with walls at 300 K, and an average velocity of 0.03 m/s (see Figure). 

 
 

 

4) An electronic device is cooled by water flowing through capillary holes drilled in the 

casing as shown in Figure. The temperature of the device casing is constant at 353 K. 



The capillary holes are 0.3 m long and 32.54 10   m in diameter. If water enters at a 

temperature of 333 K and flows at a velocity of 0.2 m/s, calculate the outlet temperature 

of the water. 

 

 
 

 

Brtish Unit system: Engineering is not only based on SI unit System 

 

5) Determine the Nusselt number for water flowing at an average velocity of 10 ft/s in 

an annulus formed between a 1-in.-OD tube and a 1.5-in.-ID tube as shown in Figure. The 

water is at 180°F and is being cooled. The temperature of the inner wall 

is 100°F, and the outer wall of the annulus is insulated. Neglect entrance effects and 

compare the results obtained from all four equations  

(a) Dittus-Boelter 

(b) Sieder-Tate 

(c) Petukov 

(d) Sleicher-Rouse  

 

The properties of water are given below in engineering units. 



 
6) The engine oil flows at the rate of 3000 lbm/hr through a 3-in –ID pipe. The vpipe is 

maintained at 210 0F and oil at 320 0F .If the pipe is 50 ft long , compute the film coefficient 

predicted by 

(a) Hasen formula 

(b) Sider and Tate formula 

 

 


