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       Fluid and particulate 
 Värme- och strömningsteknik  systems (FPS) 424514 

Thermal and flow engineering      
        Exam  26-5-2010 

 

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?

  
 
006. A total volumetric flow of 52 litre/s (70°C, density ρ = 977,7 kg/m3, kinematic viscosity 

ν = 4,14×10-7 m2/s) is pumped through 100 parallel tubes (length l = 4.7 m, diameter d = 
14 mm, wall roughness k = 0.20 mm) in a heat tube exchanger.  
A number of 50 tubes need to be changed due to corrosion on the outside.  
The measures of the 50 new tubes are however different from the original ones (lnew = 4.7 
m, dnew = 14.4 mm, knew = 0.05 mm).  
Calculate how the total volumetric flow is distributed between the old and the new tubes. 

 
 
007. For a free-falling spherical particle with mass mp that falls with velocity v(t) in a medium 

with density ρ the non-stationary momentum balance gives: 
2)(½)( tvACgm

dt
tdvm Dpp ⋅⋅−= ρ   with gravity g, drag coefficient CD and surface area A 

facing the medium in the direction of motion. Eventually, a steady-state is reached where 
the velocity becomes equal to vss. 

a. Show that this leads to the expression ⎟⎟
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b. Give the ratio 2gt/vss for the time t needed to reach 99% of the steady state velocity vss. 
 

c. What can you say about the period t << vss /(2gt)? Give a sketch of how CD changes 
    with time. 
 
(4 p + 1 p + 2½ p) 



 2 of 3

008. Pressurized air at 15ºC (M = 29 kg/kmol; dynamic viscosity η = 1,8×10-5 Pa·s) needs to 
be transported for a short period in time from a  compressor station A to process B, 
which is situated 400 m from A. The pressure at A is 650 kPa while the pressure at B 
needs to be 200 kPa.  
You have two pipes, which easily can be joined, at your disposal; length l1 = 250 m, 
diameter d1 = 20 mm, wall roughness k1 = 0.05 mm; and l2 = 150 m, d2 = 16 mm, k2 = 
0.05 mm.  
Calculate the steady state mass flow rate, ṁ, of air, and the give the pressure pC at the 
joining point. The pressure loss in the joining point can be neglected and the flow is 
assumed to be isothermal. 

 
 
 
 
 
 
 
 
 
009. A slurry, containing 0.1 kg of solid (solid density ρS = 2500 kg/m3) per kilogram of 

water, is fed to a rotary drum filter with length L = 0.6 m and diameter D = 0.6 m.  
The drum rotates at a speed of one revolution in 6 min and 20 per cent of the filtering 
surface is in contact with the slurry at any instant. Specific cake resistance α = 2.8×1010 
m/kg and medium resistance R = 3.0×109 m-1.   
Liquid density ρL = 1000 kg /m3, liquid viscosity ηL = 0.001 Pa·s.  
 
a. Determine the filtrate production rate V& (m3/(s·m2)) and dry solids production rate 
   drysV ,
&  (kg/(s·m2)) when filtering with a pressure difference of 65 kN/m2.  

 
b. Calculate the thickness of the cake produced (in mm) when it has a porosity ε = 0.5.  

 
(5 p + 2½ p) 

 

 

pA pB 

l1, d1, k1 
l2, d2, k2 

pC 
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010.  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°  (!) 
 
 

 
 
 
 
 


