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1. Under which conditions can the Bernoulli equation be applied? (12%)
2. Under which conditions can the concept of potential flow be applied? (12%)

3. What is the physical meanings of stream function? (8%)

4. Consider a laminar flow with dynamical viscosity x4 in a pipe that is fully
developed, and the axial velocity profile is given by u(r)=u, [1 — (r/ R)z].
(a) Please determine the shear rate at the pipe wall (r = R). (6%)
(b) Please compute the average velocity u = % Lu d4 over the cross
section. (6%)
(c) Let the momentum correction factor and the kinetic energy coefficient

are defined by W =aqi’ and u’ = B’ respectively. Please compute
p

the associated @ and f.(6%)

5. Consider a turbulent flow of an incompressible fluid past a flat plate, whose
width is b and length ¢. The boundary layer velocity profile is assumed to be

ulU=(y/8) =¥ for Y=y/6<1 and u=Ufor ¥ >1
(a) With the above given velocity profile, please compute the momentum
thickness, i.e. ® =0(J); (8%)
(b) Please compute the displacement thickness, i.e. §*=8*(5); (8%)
(c) Please compute the wall shear stress 7, at the plate surface,
ie. 7, =7,(p,U,Re. ); (8%)
(d) (10%) Please compute the corresponding friction drag coefficient

{
Coy =Cpy(Re,),  where D, =4pUCy A= | br dx.
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6. Water flows down the face of the dam shown in Fig. Q6. The face of the dam
consists of two circular arcs with radii of 4.0 and 6.0 m, respectively. If the

speed of the water along streamline A—B is approximately V :(Zgh)l/ 2

please determine
(a) the relation between 4 and the distance s along the stream line, i.e.
h="h(s); (8%)

(b) the normal acceleration as a function of s, i.e. a, =a,(s). (8%)

Fig. Q6




