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1. Alaminar flow in the entrance to a pipe with radius r, is shown in Fig. 1. The entrance velocity
distribution is uniform, u=U,, and the velocity distribution downstream is parabolic in profile,

u(ry=C(r} —r*). Assume that the pressure distribution at location ¢ is P,and at location x is

Pr. Poand Py are constant. Please determine
{(a) the value of C. (5%)
(b) the viscous drag force exerted on the pipe walls between o and x. (15%)
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Fig. 1

2. As shown in Fig. 2, a tornado may be simulated as a Rankine vortex which has a two-port.

circulating flow in plane polar coordinates, with u, =U at » =R and u, =0.ForaRankine

vortex, the velocity distribution is as follows:
g, wz—}—e-r , =0 if rs<R

ug:—-c— , w=0 if r>R
r

where (' is a constant. Please determine

(a) constant C. (29%)

(b) an expression of stream function ¢ for a Rankine vortex. (12%)
(c) the vorticity in each part of the Rankine vortex. (6%)

The relation between velocity components and stream function is expressed by

o 1 5 i 1 Ou,
u, = ~wﬁ, . 9 The vorticity component about the z-axis is w, ~~—~(:u )
or r of ¥ or r Ou,
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Fig. 2

3. Consider the laminar flow of a fluid layer falling down a plane inclined at an angle « with the
horizontal, as depicted in Fig. 3. Assume that air resistance is negligible at the free surface. If 4
is the thickness of the layer in the fully developed stage, please
(a) determine the velocity distribution. (10%)

(b) find the volume flow rate per unit width. (4%)
(c) find the frictional stress on the wall. (4%)
(d) plot the distribution of shear stress between the bottom wall and free surface. (2%)

Fig. 3

4. Consider a two-dimensional laminar boundary-layer flow over a flat plate. Assume that the
velocity profile is given by

u
— =a+by+cy’
U ey

where U is the free stream velocity.
{a) Determine the constants a, b and ¢. (§8%)

(b) Show that 2 = , where & is the boundary-layer thickness and Re, = W . (12%)
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5. As shown in Fig. 4, a tank with fixed volume, ¥, contains brine with initial density, p,, greater

than water density, p, . Pure water enters the tank steadily and mixes thoroughty with the

brine in the tank. The liquid level in the tank remains constant. Derive expressions for (a) the

rate of change of density for the liquid mixture in the tank, and (b) the time required for the

density to reach the value p,, where p, > p, > pp 4. : (20%)

Note: A first-order linear differential equation is given by y'(x)+ p(x)y = g(x). Its solution is
P(x) = L f(‘I( ) o P(x)dx)dx L TP

¥ = constant
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Fig. 4



