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*******Begin
1. Explain the following terminology (10 points)

1.1 Newton’s law of viscosity
1.2 Momentum flux

1.3 Molecular momentum

1.4 Convective momentum

1.5 Combined momentum flux

2. Define and draw a meaningful sketch to explain the following terms (10 points)
217
yz

22 ¢,
23 pv,v,
24 7,
25¢

3. (20 points)

3.1 For the velocity distributions, v, = by, v, =bx,v, =0, draw a meaningful sketch
showing the flow pattern. Then find all the components of T and pvv for the
Newtonian fluid. The parameter b is a constant. (5 points)

3.2 Explain the dependency of 7, and v, on x for laminar flow of a Newtonian liquid
down an inclined flat plate. (5 points)

3.3 Explain the dependency of 7,, and v, on r for laminar flow of a Newtonian liquid
in a tube and in an annulus. In the latter, why does the 7, change sign? (10 points)

4 (10 points)

4.1 Two immiscible liquids A and B are flowing in laminar flow between two parallel
plates. Would there ever be the possibility that the velocity profiles would be of the
following form? Give the reasons for your answer. ( 6 points)

Liquid A

Liquid B

4.2 From problem 4.1, list all possible boundary conditions which can be used to
solved flow of fluid A and B. Give the physical significant (or physical meaning) of
each boundary condition that you have listed.(4 points)



5. (20 points) The incompressible liquid is flowing downward through an annulus
region between two cylinder of radius kR and R, respectively and the radius &R is
smaller than R . Derive the following expressions.

1.1 The momentum flux distribution

1.2 The velocity distribution

1.3 The maximum velocity

1.4 The average velocity and

1.5 The mass rate of flow

6. (30 points) Two immiscible, incompressible liquids are flowing in the z direction in
a horizontal thin slit of length L and width W under the influence of a horizontal
pressure gradient (p, — p,)/ L. The space between the slit is h. The fluid flow rates
are adjusted so that the slit is one-third filled with fluid I (the more dense phase) and
two-third filled with fluid II (the less dense phase). The fluids are flowing sufficiently
slowly that the interface remains exactly planar. Determine the expression for the
momentum-flux and velocity distributions.
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