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ChE 204 – Introduction to Transport Phenomena  

 

Mid-term Simulation 

 

Question 1: 

Water flowing steadily at a volumetric rate of 0.16 m3/s is deflected downward by an angled elbow as 

shown in the figure below. The water is discharged to atmospheric pressure. For D = 30 cm, d = 10 cm, 

and h = 50 cm, determine the force acting on the flanges of the elbow and the angle its line of action 

makes with the horizontal (x-component only). Ignore gravity and friction. 

 
 

 

Note. This elbow is not laying flat on the ground (see h infact) 

 

 

Question 2: 

Find the heat transfer flow rate (Q) through the composite wall in the following figure. Assume one-

dimensional heat flow.  
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Question 3: 

A counter-flow double pipe heat 

exchanger has to heat water from 20°C to 

80°C which is flowing at a mass flow rate 

of 1.2 Kg/s. The heating is to be 

accomplished by geothermal water 

available at 160°C at a mass flow rate of 2 

kg/s. The inner tube is thin walled (means 

that the thermal resistance is negligible) 

and has a diameter of 1 m. 

 

a) If the overall heat transfer coefficient 

of the heat exchanger is 640W/m2C determine the length of the heat exchanger required to 

achieve the desired heating. (Cp,water = 4.187 kJ/ kg K).  

b) Calculate the new overall heat transfer coefficient in the presence of a fouling layer in the inside 

tube with thickness 5 cm, assuming hi = 1280 W/m2 .K and Kfoul= 10 W/m2.K.  

 

 

 

 

 

Question 4:  

 

 The cylindrical tank (R = 1 m) and the pipe shown in the figure below are initially filled with a fluid 

(μ = 0.001 Pa·s, ρ =1000 kg m-3). Initially the tank is filled all the way to the full height H = 2m. Have 

in mind that both the tank and the exit of the pipe are at atmospheric pressure. Considering friction in 

the pipe (r0 = 0.0005 m, L = 10 m, ε = 0.000002 m), estimate the time needed to drain the tank.  

  
 

Note. While solving the exercize, you will need to make a first approximation for the velocity. You can 

consider the maximum possible velocity, which is the one you get assuming h=H and the friction 

coefficient being the minimum possible considering your ε/D in the Moody diagram. 
 

Cold water

20ºC

1.2 Kg/s

80ºC

Geothermal water

160ºC

2 Kg/s

d=1.5cm1 m
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Solutions
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