PRINCE OF SONGKLA UNIVERSITY

FACULTY OF ENGINEERING
Midterm Examination: Semester II (#1) Academic Year: 2005
Date: 15 December 2005 Time: 9.00-12.00
Subject: 230-630 Advanced Transport Phenomena I Room: Robot
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1) Soybean oil is confined between two very long, very wide parallel plates. The distance
between the plates is 9.14 mm. and the lower plate is being pulled at a relative velocity of
0.366 m/s greater than the velocity of the top plate. The viscosity of the soybean oil is
0.04 Pa.s at 303 K. Make the following calculations:

1.1 Calculate the shear stress and the shear rate. (5 points)

1.2 If glycerol at 293 K having a viscosity of 1.069 kg/m s is used instead of soybean oil,
what relative velocity is needed using to achicve the same shear stress? Assume that
the gap between the plates remains the same. What is the new shear rate? (5 points)
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2) Find the expressions for the velocity profile, v,(x) and the point of maximum velocity (x
which v, is maximum) for steady, pressure-driven flow of an incompressible Newtonian
fluid (constant density and viscosity) between two very long and very wide plates (see
below). The top plate is moving at a velocity V; the bottom plate is stationary. One may
assume that the gravity effect is negligible and the flow is well developed, that is the
disturbances from the entry and exit of the flow are negligible. The pressure at z = 0 is Py,
and at z = L the pressure is P;. The gap between the plates is H, and the width of the flow

region of interest is W. (20 points)
/_ ——r
W | e 4
/ —
X T
/ i
2 \
| L :
4 p=5 p=F



_5_

o I srierlszd1an

3) A fluid of constant density p and viscosity u is contained in a very long horizontal pipe of
length L and radius R. Initially the fluid is at rest. At the time ¢ = 0, a pressure gradient (P,
— P;)/L is imposed on the system. Show that the relevant equation of motion can be put

into dimensionless form as follows: (15 points)
2 4, 10(,0
or E o0&\ " o0&
In which, £ =2, 7 = # ang gL,
R™ pR (P, - PR~
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4) Experiments with a small-scale agitated tank are to be used to design a geometrically
similar installation with linear dimensions of 6 times as large. The fluid in large tank will
be a heavy oil with £ =13.5 cp and p = 0.9 g/cm’. The large tank is to have an impeller

speed of 120 rpm.
4.1 Determine the impeller speed for the small-scale model. (5 points)
4.2 Determine the kinemetic viscosity of the stirred fluid used in the model. (5 points)
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For a pipe (inside diameter = 50 mm) water at 25°C (density p= 997 kg/m3, viscosity u=
0.001 kg/m-s) is made to flow under a pressure drop per unit length of 430 Pa/m.
5.1 What will be the average velocity of the water in the pipe? (8 points)

5.2 What will be the velocity of water in the pipe at a distance of 6.25 mm. from the
pipe wall? (7 points)
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6) For a sphere slowly falling (creeping flow) in a fluid of viscosity 4y, the terminal velocity
of the sphere is v,. If the same sphere falls in a fluid with the same density but with twice
the viscosity (= 2u;), what is the terminal velocity of the sphere? Note that the same
force (gravity) acts on the sphere in both cases. (5 points)



