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3. (a) Show that the volumetric dilatation rate (the rate of volume change per unit volume) of a
fluid is equal to V-V (divergence of the fluid velocity vector). (7%)

(b) Consider an incompressible, plane potential flow, where a source is located at the origin,

(x,¥)=(0,0). Do you agree that one can apply V-V =0 in this flow field with the

exception at the origin? Prove and explain your answer.  (10%)

4. The volume V of a drop of liquid that forms at the end of a tube before it falls under the action
of gravity, depends on the tube diameter d, coefficient of surface tensiono, and the specific
weight y. Perform dimensional analysis for V. (8%)

5. Anair jet of density o strikes a hinged vertical plate at its center. The jet
velocity is V, jet cross-sectional arca A, and the plate length L.
(a) Use control volume analysis to determine the angle of deflection @ as ' — -+
shown in the figure. (5%) !
(b) Determine the magnitude of force F that is needed to apply at the

lower edge of the plate to keep the plate vertical. (5%) Fenbiam
6. Please define and answer briefly the following questions, (total 8 %)

(1) What is the ratio of inertia force to viscous force? (aj Froude number; (b) Reynolds number;
(¢) Mach number; (d) Strouhal number. (onc answer) (1 %)
(2) What are the conditions for the fully developed laminar flow of a circular pipe with the

radius r in the cylindrical coordinate? (a) v, = vi(r); (b) vg = ve(r); () v, = v (1) (d) v, = 0: ()

v = 0. (more than one answer) (2 %)
(3) How to determine the Darcy friction factor from the moody chart when the flow is laminar?
(a) 32/Re; (b) 64/Re; (c) 32/\/R—e; (d) 64/\/R—e. (one answer) (1 %)
(4) What are the speed of sound, «, and the Mach number, Ma? (2 %)
(3) The energy equation for isentropic flow is & + /2 = hg. Please show that: (2 %)
a’+ }/_~uz =gq,
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7. Consider an incompressible, Newtonian fluid in a two-dimensional flow field. (total 14 %)
(a) Use the similitude argument to obtain the non-dimensichal continuity and momentum
» equations. (8 %)
The dimensional continuity and momentum equations are given as follows.
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Hint: Use the following reference variables to non-dimensionalize u, v, p, x, y and t, for
examples, the characteristic velocity (V) for u and v, the characteristic pressure (P,) for p,
the characteristic length (L) for x and y, and the characteristic time (7) for ¢.

(b) Identify each term in the above non-dimensional momentum equations with the appropriate
forces using the following corresponding numerals: (1) for inertia (local) force; (2) for
inertia (convective) force; (3) vor pressure force; (4) for gravitational force; (5) for viscous
force. (3 %)

(c) Write down non-dimensional parameters including the Strouhal, Euler, Reynolds, and
Froude numbers in the above non-dimensional momentum equations. (3 %)

8. A viscous liquid flows steadily down an inclined plane surface with an angle 6, having a fully
developed laminar film of thickness &, as shown below. (total 13 %)
(a) Please write down the governing equations for this flow field by simplifying the
Navier-Stokes equations given in Problem 7. (5%)
(b) Write down the appropriate boundary conditions and the liquid velocity profile u(y)? (5 %)
(c) Write down the shear stress distribution, 7. (3 %)




