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Mid Term Exam Simulation 
 
Question 01: 
Draining a tank: 
 
 The cylindrical tank and pipe shown in the figure below are initially filled with a Newtonian liquid of 
viscosity μ _and density ρ _(the tank is initially filled all of the way to the full height H). Taking pipe 
friction to be the only resistance to flow, and ignoring exit kinetic-energy effects and entrance effects, 
estimate the time needed to drain just the tank with the following data:  
R = 1 m  
H = 2 m  
L = 10 m  
r0 = 0.0005 m  
μ = 0.001 Pa s  
ρ =1000 kg m-3  

ε = 0.000002 m (Tube roughness) 

 
Figure 1 Draining tank 

 
******* 
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Question 02: 
 
 
Water flowing steadily at a rate of 0.16 m3/s is deflected downward by an angled elbow as 
shown in Figure 02. 
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. Take the internal volume of 
the elbow to be 0.03 m3 and disregard the weight of 
the elbow material and the frictional effects. 

 
Figure 2  Angled elbow 

 
 

*******  



Spring semester 2017   07.04.2017 
 

 

3 Prof. Raffaella Buonsanti 
 

Question 03: 
A) Find the heat transfer flow rate (Q) through the composite wall in the following 

figure. Assume one-dimensional heat flow.  
 

 
B) Consider the object that has been shown above is actually a wall of the furnace, 

the temperature of which is 500 °C. The furnace has been put in a room with a 
temperature of 25 °C. The internal and external heat transfer coefficient are 15 
and 5 W/m2.K, respectively. Determine the heat loss rate from the furnace and 
the inner and outer temperatures. 

 
 
 
 
 
 
 
 
 

C) Considering that heat transfer flux per unit area by radiation can be obtained 
through the following equation: 

𝑞!"# = 𝜀𝜎(𝑇$%&'()* − 𝑇+,!!$,-#.-/* ) 

Where 𝜀 is emissivity factor and has a value between 0 and 1. The value of the Stefan–
Boltzmann constant is given in SI units by 𝝈= 5.670367(13)×10−8 W⋅m−2⋅K−4. Assuming 𝜀 
to be 0.25 for this furnace, conclude if radiation heat transfer plays a role in whole heat 
loss from the surface. 
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Question 04: 
A concentric tube heat exchanger is used to thermally process a pharmaceutical product 
flowing at a mean velocity of um,c =3.5 m/s with an inlet temperature of Tc,i= 20 °C. The 
inner tube of diameter Di=10mm, the thickness of the inner tube is 2 mm with the 
thermal conductivity of kt = 40 W/m2.K, and the exterior of the outer tube (Do= 20 mm) 
is well insulated. Water flows in the annular region between the tubes at a mean velocity 
of um,h = 5 m/s with an inlet temperature of Th,i = 60 °C. Properties of the pharmaceutical 
product are 𝜇=1.1*10-2 (N·s)/m2, k= 0.25 W/m.K, 𝜌 =1100 kg/m3, and cp= 2460 J/kg.K. 
Properties of the water may be approximated as 𝜇 =9.60*10-4 (N·s)/m2, k=0.6. The 
specific heat of the water is 4180 J/kg. K. Consider the surface rough ness of the tube 
to be 0.1 mm. 
 

(a) If the convective heat transfer coefficient for water correspond to the outer 
surface area of inner tube, ho=1200 W/m2 .K, Determine the value of the 
overall heat transfer coefficient U. 
Tip: The heat transfer coefficient inside the tubes over a large range of the 
Reynolds number can be obtained by Gnielinski equation: 

𝑁𝑢0 =
-𝑓80 ∗ (𝑅𝑒0 − 1000) ∗ 𝑃𝑟

1 + 12.7	 -𝑓80
1
2
(𝑃𝑟

2
3 − 1)

 

Where  

Pr	(Prandtl	number) =
𝐶4𝜇
𝑘 		𝑎𝑛𝑑	𝑁𝑢	(𝑁𝑢𝑠𝑠𝑒𝑙𝑡	𝑛𝑢𝑚𝑏𝑒𝑟) =

ℎ.𝑑.
𝑘  

where the friction factor may be obtained from the Moody diagram. The 
correlation is valid for 0.5 =< Pr=< 2000 and 3000 =< ReD =< 5*106. 

 
(b) If there is a fouling material inside the inner tube with the thickness of 2 mm 

and the thermal conductivity of kfoul= 0.5 W/m.K, determine the overall heat 
transfer coefficient. For the sake of simplicity, assume that the velocity remains 
unchanged.  
 
(c) If the desired outlet temperature of the pharmaceutical product is 40 °C, 
obtain the required heat transfer area (A) in both concurrent and countercurrent 
situation considering the overall heat transfer coefficient obtained in the section 
a. 
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Solutions 
 
 

 
 
 
 
Applying Bernoulli’s theorem at 1 and 2, 

𝑝! = 𝑝" +
4𝑓𝐿
4𝑟#

𝜌𝑣$%&"  

The pressure at 1 due to the water in the tank is given below: 
𝑝! = 𝑝$'( + 𝜌𝑔ℎ(𝑡) 

So, 
 𝜌𝑔ℎ(𝑡) = 	 )*+

),!
𝜌𝑣$%&"  

𝑣$%& = 2
𝑟#𝑔ℎ(𝑡)
𝑓𝐿  

To get the maximum possible velocity, we take the maximum height of the tank and Lowest 
value of f=0.005 (From moody’s chart), 
We get 𝑣$%& = 0.44	𝑚𝑠-! 
The Reynold number corresponding to this velocity is 𝑅𝑒 = ","%#$%.

/
= 440 

So, this is Laminar region and the friction factor in this region is given by 𝑓 = !0
12

 
Substittuting in the equation above, 

𝜌𝑔ℎ(𝑡) =
16𝐿
𝑅𝑒	𝑟3

𝜌𝑣$%&"  

we get 

𝑣$%&(𝑡) =
𝜌𝑔ℎ(𝑡)𝑟#"

8𝜇𝐿  

The mass balance at the top of the tank and at the end of the pipe gives: 
𝜌𝐴𝑑ℎ(𝑡)
𝑑𝑡 = −𝜌𝑎𝑣$%& 

1 2 
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𝑑ℎ(𝑡)
𝑑𝑡 = −

A𝑟#𝑅B
"
𝜌𝑔𝑟#"

8𝜇𝐿 ℎ(𝑡) 

Integrating the equations as below: 

 
The expression for time required to empty the tank is given as follows: 

 
Putting the numerical values to the above expressions, 𝑡* = 32	𝑦𝑒𝑎𝑟𝑠 
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2. 
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3. 
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4. 
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