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1. Please derive Darcy-Weisbach equation (Ah, = f - i ) by using dimensional analysis following physical
quantities (hr: head loss, L: pipe length, D: inside diameter of pipe, V: average velocity, g: gravity, e: roughness
height, £’: roughness distance, m: shape factor of roughness). (20%)

2. Navier-Stokes equation can be shown below.
Dv

(a) Please describe physical meaning of each term in the equation. (10%)

(b) As sown in the right figure, an incompressible fluid confined between two parallel, vertical
surfaces. The left surface is stationary, whereas the other is moving upward at a constant Fluid-
velocity (vo). If we consider the fluid Newtonian and the flow laminar, the governing equation
of motion is the Navier-Stokes equation. Please illustrate the velocity profile. (10%)
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3. A pressurized tank contains oil (Specific gravity = 0.8) and has a square, 0.6 m by 0.6 m plate bolted to its
side, as it is shown below. The pressure gage on the top of the tank is at atmospheric pressure. Please calculate
the magnitude and location of the resultant force on the attached plate. (20%)

=50 kPa
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4. A large tank of unknown total volume is initially filled with 6000 g of a 10% by mass sodium sulfate solution.
Into this tank a 50% sodium sulfate solution is added at a rate of 40 g/min. At the single outlet to the tank flows
a 20 g/L solution at a rate of 0.01667 L/sec. Please calculate

(a) the total mass in the tank after 2 h. (10%)

(b) the amount of sodium sulfate in the tank after 2 h. (10%)

5. Calculate the inlet pressure to a pump 3 m above the level of a sump. The pipe is 8.9 cm in diameter,

0.89 m long and made of cast iron. The flow rate through the pump is 2.04 m*/min. The kinematic viscosity of
water is 1.22x10"° m%s. The assumption of the flow is fully developed. Please use the following diagrams to
find the e/D and f;. Note that 1 in = 2.54 cm. (20%)
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Pipe diameter. £, inin. Reyriclds number = B, v




