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Discuss the following descriptions as complete as time and your knowledge allow. (30%)
(a) The Bernoulli equation for inviscid flow.

(b) Analysis of two-dimensional flows using stream function relations.

(c) Creeping flow.

(d) Conditions required for the validity of boundary layer theory.

(e) Conditions required for the validity of lubrication theory.

(f) Discuss the analogy between mass, heat, and momentum transport, referring to both its basis for
existence and its usefulness in application. Use as examples specific problems that you have worked,
if appreciate.

Describe the differences between Fulerian and Lagranginan descriptions of motion.  Define velocity and
acceleration. Given the velocity components vy = tX, v, = -ty, ¥z = 0 in Eulerian form, determine the
acceleration in Eulerian form and the velocity and acceleration in Lagranginan form. Find the path lines
and stramlines for this flow. (20%)

What fundamental laws are associated with the continuity equation, Cauchy’s first law of motion, and
Cauchy’s second law of motion? Derive the continuity equation using Reynolds transport theorem.
What information is obtained from Cauchy's second law? (20%)

A spherical gas bubble rises very slowly in an immiscible fluid under the action of buoyancy. Due to the
presence of trace surface contaminants (surfactants), the interfacial tension varies on the bubble surface
according to

& =0, (1 + B cosf)

Assuming the fluids are Newtonian and surface viscosity effects are negligible, determine the steady
terminal velocity of the bubble in terms of difference in the densities Ap (continuous phase minus bubble
phase), the viscosity i of the continuous phase, the bubble radius R, the acceleration of gravity g, and the
interfacial parameter o, and B. (30%)




