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       Fluid and particulate 
Värme- och strömningsteknik   systems (FPS) 424514 
Thermal and flow engineering      
        Exam  24-2-2010 

 

Below, five (5) questions are given, hand in answers for only (i.e. not more than) four (4) 
questions. Choose as you wish. The four questions give max 30 points = 7½ + 7½ + 7½ + 7½ 
points. 
The total score then gives the final result according to ≥ 13 p. = 1; ≥ 16½ p. = 2; ≥ 20 p. = 3; ≥ 23½ p. = 4, 
≥ 27 p. = 5.  The amount of credits for this course is 4 sp. 
All support material is allowed except for telecommunication devices and personal help including computers. 

In all questions, use for ambient conditions temperature T° = 293 K, p° = 1 bar = 105 Pa if not 
stated otherwise. 
 

0. Did you already give your course evaluation för this course via the webpage 
 http://web.abo.fi/fak/ktf/vt/Eng/education_Evaluation.htm or shall you soon do this?

  
001. A spherical ball with a diameter of 0.6 mm and a density of 3100 kg/m3 is used for 

measuring the viscosity of fluids. The falling time of the ball is measured for a certain 
distance, and the viscosity can then be calculated from the registered time.  
a.  Calculate the viscosity (in Pa·s) of a liquid with a density of 1840 kg/m3 when the 

ball has fallen 200 cm during 36.9 s.  
b. What are the limitations when using this method for measuring the viscosity of 

liquids? 
 
002. The flow of water (20°C) through a horizontal pipe (wall roughness x = k = 0.3 mm) 

which has been flattened will change compared to when the tube is round. A pressure 
loss of 1 kPa per meter of the pipe is maintained. See the Figure below. 

Calculate for a pressure loss of 1 kPa/m how the flow V& (m3/s) of water changes through 
a pipe that initially has a diameter of 30 mm (a=b=30 mm), and is then flattened resulting 
in a = 20 mm. 
Calculate first the hydraulic diameter dH, after showing that                       
size   b = ½·(π·ainitial - a·(π-2)). Note that the perimeter of the tube doesn’t change. 

Give also the values for the flow V& (m3/s) for both situations.  
The flattened pipe can be approximated by two half circles plus a rectangle in-between. 
Assume that the thickness of the pipe wall remains the same. 
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003. An air flow of 0.86 m3/s (atmospheric pressure, 15°C) 
contains dust particles with a density of 970 kg/m3. A 
standard cyclone with dimensions as shown in the Figure is 
used for separating the dust particles. 
a. Estimate the cyclone diameter when the pressure loss is 

1.2 kPa. 
b.   Calculate the particle diameters for which the separation 

efficiencies are 50% and 83% for the cyclone diameter 
derived under a). 

c. The air flow can alternatively be led through two 
cyclones, which are connected in series. The diameter 
of the first cyclone is 20% larger than the second one. 
Calculate both cyclone diameters when the total 
pressure loss is the same as in the a.)-case. What would 
the separation efficiencies be for the particle diameters 
calculated in the b.)-case. 

 
004. A fluidised bed reactor is operated at 1 bar, 20 °C, with the following data given: 

Bed :   εmf = 0.55 
Particles : dp = 160 μm, ρs = 2600 kg/m³, sphericity φ s = 0.67 

Gas :  ρF = 1.2 kg/m³, dynamic viscosity ηF = 1.8×10-5 Pa.s 
The particles are considered small, i.e. it is expected that Remf >> Re²mf. 
a. What is the type of fluidisation regime according to the Geldart scheme? 
b. What is the minimum fluidisation velocity umf? 
c. The dynamic viscosity increases with temperature T (K) according to T2/3, and  

  can be assumed independent of pressure. 
d. What is umf at 900°C, 1 bar, and at 900°C, 15 bar? 
e. The bed is operated at 1 bar, 20°C, at u = 1.2×umf, at bed height H = 1.1×Hmf. 

What is the bubble size? 
f. What is the terminal velocity, ut 

for these particles at 20°C, 1 bar? 
 
 

If necessary, use the Figure   
μ = dynamic viscosity, ρg = gas density 

 
 
 
 
 



 3 of 3

005. A company has available a silo with a conical bottom part. The enclosed angle of the cone is 
30°, and the outlet diameter is 35 cm. Before using this silo for another powder, some tests             
are done on the flow properties of the powder. In a shear cell, powder consolidations 
corresponding to 0, 7 and 14 days storage, respectively, were tested: 

 
Time (days) 
 

Major principal stress
σmax (kN/m²) 

Unconfined yield stress
fc (kN/m²) 

0 53.54 2.42 
0 38.92 2.24 
0 21.39 1.44 
7 49.12 4.76 
7 35.87 4.14 
7 20.17 3.10 
14 46.44 6.21 
14 33.47 5.31 
14 18.91 4.00 

 
Use a flow / no flow diagram to determine if this powder can be stored in this silo and, if so,  
for how long, until outflow (mass flow is preferred) problems will occur. Use the diagrams given 
below.  
 
Angle of wall friction:     φw = 22° 
Bulk density of the powder:   ρbulk = 2400 kg/m³ 
Powder effective angle of friction: δ = 47°  (say, 50°) 
Half-angle of silo:     α = 15°  (!) 
 
 

 
 
 
 
 


