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1. (12%) Please use the formula 7 = ,LL% to derive

(@) The unit of the dynamic viscosity u (in SI system). (6%)
{b) The unit of the kinematic viscosity v (in Sl system). (6%)
(PS T is the shear stress, and u is the velocity)

2. (28%) Consider a small particle of size §s and &n in the plane of Fig. 2, where 8y is
normal to the figure. Letting § and 7. denote unit vectors along and normal to the

streamline direction, respectively,
(a) Please derive the Bernoulli equation in tangential direction. (10%)

(b) Please derive the Bernoulli equation in normal direction. (10%)

(c} Which conditions do you need to get the above equations? (8%)
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Figure 2

3. {20%) Consider a fully developed horizontal pipe flow of viscosity u as shown in Fig. 3,
where the pressure drop is Ap after a distance L. Please compute
(a) The shear stress 7(r) (PSthe wall shear stressis 7,,); (8%)
(b) The velocity profile u(r) (PS the diameter of the pipe is D). (12%)
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4. Consider a source flow with a strength m and the radial velocity U, as shown in Fig. 4.
Please compute the corresponding velocity potential ¢ and stream function v (inm, r
and @). (16%)

5. (24%) A hydraulic (water, p = 1,000 kg/m?) turbine as shown in Fig. 5, the nozzle angle
a, = 60° and the inlet rotor tip speed U; = 6 m/s. The ratio of rotor inlet to outlet
diameter is 1.8. The absolute velocity leaving the rotor at section is radial with speed V, =
12 m/s.

(a) Please determine the mass flow rate. (8%)
(b) Please compute the transferred power. (8%)
(c) Please compute the energy transfer per unit mass. (8%)
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