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Mech. 411 - Quiz 1

Problem 1
Water flows through the contraction that carries the flow from the larger pipe of diameter d1 = 10 mm to the smaller d2 = 5 mm diameter pipe as shown in the figure. The average flow in the large pipe is 1 m/s. Two tiny holes are drilled in the tubing walls to connect the two open manometers for measuring the pressures at points 1 and 2. The heights shown are h1 = 10 cm, h2 = h3 = 2 cm.
a) Neglecting the menisci curvature effects at A and B, find P1 – P2 (pressure difference).

b) Compute the friction force exerted by the wall that is retarding the fluid between points (1) and (2). Next compute the average shear stress over the wall surface between points (1) and (2). Hint: use control volume analysis on the inside of the tubing, and draw it with clear labeling. Also neglect the area of the contraction portion of the tubing.
c) Now do not neglect the menisci effects at points (A) and (B), and treat them as perfect half spheres of diameter 1 mm as detailed in the figure. Find P1 – P2. Consider the surface tension coefficients SHg/air = 0.5 N/m, and Swater/air = 0.073 N/m, and the specific gravity of Hg = 13.56.
Problem 2

In a food processing plant milk (density 1005 kg/m3) is being poured into a pot that is 47 cm in diameter as shown. The diameters (d1, d2, and d3) are all 15 mm. The mass of the empty pot is 27 kg, and the gravitational acceleration is 9.8 m/s2. The height of the milk (h=1 m) stays constant thanks to two horizontal outlets, placed symmetrically on the pot sides. If the weighing scale reads 207.5 kg when the pot is in place with milk being poured in: 
(a) find the mass flow rate of the incoming milk (
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(b) What will the weighing scale read in (kg) if h = 1.5 m, and the two outlets are blocked, i.e. the mass flux 
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. Consider V1 = 17.5 m/s.
Problem 3

In the water reservoir shown in Figure 3, gate AB has a mass of 1000 kg, and is 3 m wide into the paper, hinged at A, and restrained from swinging by a stop at B. There is no vertical reaction force at B. Consider the water density to be 1000 kg/m3 and h = 5 m. The height AB of the gate is 1 m.
(a) Plot the absolute pressure distribution on the gate (water side) as a function of water depth. On the plot show the magnitudes of pressure at two levels: point A, and point B.
(b) Compute the reaction force at B (magnitude and direction).
(c) Compute the reaction force at A (magnitude and direction).
Problem 4

Consider two parallel flat plates separated by a gap of dimension (h) filled with a fluid of density (ρ), and dynamic viscosity (μ). As discussed in class the top plate moves at speed V0, while the lower plate is fixed stationary. The important parameters in this problem are (ρ, μ, V0, and h).
(a) Find two different combinations containing two or more of the four important parameters such that each of the two different combinations must have units of time. Call the first combination t1, and the second one t2.
(b) Given that h = 1 mm, ρ = 1000 kg/m3, μ = 0.001 kg/(m.s), V0 = 5 m/s, compute t1 and t2.

(c) Which is larger t1 or t2 ? Can you guess the physical meanings of each one? Hint: look at the formula you found in part (a) for t1 and t2 to guess the physical meaning.
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