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1. 10 % Fluid viscosity is an important quantity in the fluid friction whenever relative
motions occur between adjacent fluid particles. The viscosity of air and water are by
far the two most important materials for aviation aerodynamics and shipping fluid
dynamics. Temperature plays the main role in determining viscosity. Please illustrate
the viscosity of air and water as a function of temperature with two figures.

2. 20% The velocity profile and shear stress of an oil flow in a round pipe is given by the
formulas

where v, is the velocity at position r; r is the radial distance from the pipe axis;
A is a constant; D is the diameter of pipe; 1 is the shear stress. For the given
numerical values in the following figure, calculate (a) the shear stress at the
pipe wall, and (b) the shear stress at r = D/8.
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3. 20% A large tank of water has a horizontal pipe of length L connected to it as
shown in the following figure. The tank is open to the atmosphere, and the
water surface in the tank is at elevation h above the pipe axis. At time t =0, a
stopper is pulled out of the pipe exit and water starts to flow under the action
of gravity. Neglecting friction losses and assuming h to remain constant, show
that the velocity v of flow in the pipe at any time is

2gh tanh( 2gh -t/2L) . (20%)
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4. 20% (a) Solve the following initial value problem.

g)—/ =—(0.2y’  initial condition: y=1/0 att=0
4

(b) Calculate y atr=15.
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