Qualify Exam (2008)
Transport Phenomena

1. Please explain the following description: (a) Particle path, streakline and streamline (5%);
(b) Tn a fluid flow system, we can obtain the streamlines to describe the velocity at any
place in the flow system. Could you find two streamlines cross over at one point?
Please explain your answer (5%}

2. When a higher viscosity fluid flows around a gas bubble, circulation takes place within the
bubble. The circulation eliminated the interfacial shear stress. Please (a) show the
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[Hint: using the Navier-Stokes equation in vorticity to solve the problem and let stream

boundary condition: r=R, di[if‘i].,.z%:o (b) obtain the velocity components:
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3. A capillary flow meter as shown in the following figure. Please determine the viscosity of
an unknown fluid by using the equipment. The densities of the fluids in the tube and the
flow meter are p; and p,, respectively. (15%)




4.1f we neglect viscous dissipation, the energy e quation for an incompressible Newtonian

fluid is given as pép%=—vofj where %—z%—f+ﬁ-VT (1) Please give the

physical meaning of % (5%) (2) ¢ is the conduction flux, please relate the

conduction flux to temperature according to Fourier’s law (5%)  (3) Write down the
steady state energy equation as well as the boundary conditions (don’t try to solve it)
describing the steady state heat transfer of a incompressible Newtonian fluid flowing inside
a duct with square cross-section. The flow direction is designated as z and the coordinate is
set at the center of the duct with x perpendicular to one side of the duct and y perpendicular
to another side. At the entrance of the duct, the fluid has a uniform temperature T and the
wall of the duct has a constant temperature of T,. (10%)

5. A piece of cylindrical naphthalene with diameter D and length L (L >> D). The cylindrical
naphthalene slowly sublime (change from solid phase dircctly to gas phase). If its
saturation vapor pressure at room temperature is P,. Find the time required for the
diameter D to decrease to 0.8D. (15%)

6. In steady state heat conduction through multi-layer solids, the rate of heat conduction can

AT
be expressed as Q= %—@H— , where ¥ R . is the resistance to heat conduction.
7 J
Write down (no need to prove it) ZRJ. for multi-layer flat plate, multi-layer cylinder and

J
multi-layer sphere. (15%)



Cartesian coordinates (x, i, z):
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Cylindrical coordinates (r, 8, z):
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Spherical coordinates (r, 8, )
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" When the fluid is assumed to have constant mass density o, the equation simplifies to (V- v) = 0.

Spherical coordinates (v, @, B):
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2 When the fuid is assumed to have constant density, the term containing (V + v) may be omitted. For
monatomic gases at low density, the dilatational viscosity « is zero.
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* The quantity in the brackets in Eq. B.6-7 is not what one would expect from Eq. (M} for [V - Vv| in Table A.7-3, because we have added

to Eq. (M) the expression for (2/1(V - v), which is zero for fluids with constant p. This gives a much simpler equation.



