ESO212 Fluid Mechanics & Rate Processes July-Nov 2011

Mid-semester Exam 2 hours; 30 points

Useg = 9.8 m/<, density of water = 1®kg/m?, viscosity of water = 103 Pa s.

1. Two large water tanks are connected with a pipe of diani2ter5 cm and length 2 m as
shown in figure 1. The kinetic energy correction factor fonfio the pipea = 1.

(@) If the frictional loss headh(, in meters) for the pipe is given byzé/tzzu—ge (Miube in m/s,
andg in m/$), calculate the velocity} e in the pipe. [2 points]

(b) If a pump is installed in the pipe (with given by the same expression as in part a) to
have a velocity;pe = 10 m/s, calculate the rate at which the pump does work on the

fluid, if the flow is from A to B. [2 points]
(c) Calculate the rate at which the pump does work on the fluiueifflow is from B to A,

for Viune = 10 m/s, withh; given by the same expression as in part a. [2 points]
(d) What is the inconsistency in using the Bernoulli equatietwleen points 1 and 2 on

the free surface of the two tanks ? [2 points]
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Figure 1:Problem 1

2. (a) Derive the equation that governs a streamline usiagl#finition of the streamline.

[2 points]
(b) For a 2-D incompressible flow, show that stream functsoa constant along a stream-
line. [3 points]

(c) Show that for a 2-D incompressible flow, the volumetriovfi@ate (per unit width) be-
tween two streamlines is given by the difference in the \&hfeheir stream function.

[2 points]
3. Consider the axi-symmetric, steady, fully-developehiter flow of a liquid film (density
p and viscosityu) outside a circular tube driven by gravity, as shown in figure 2. The

outer radius of the tube B, and the thickness of the annular liquid film(s— 1)R. The
Navier-Stokes equations in cylindrical coordinates amioled at the end of this question

paper.
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Figure 2:Problem 3

(a) Derive the expression for the velocity distribution e falling liquid film outside the
tube. [5 points]

(b) Derive the expression for the shear stress exerted auteewall of the tube. [2 points]

4. A water jet of diameteD flows out of a nozzle at a velocily. This jet is used to support
a cone-shaped object as shown in figure 3(a). The jet formsfaromfilm surrounding
the cone. Assume friction-less, steady, incompressible fl@hoose an appropriate control
volume (CV) with control surfaces cutting across locationanl B.

(&) Simplify the integral mass balance for the CV.
(b) Simplify the integral momentum balance for the CV.
(c) Apply Bernoulli equation between points A and B.
Using the above three equations, derive an expressiondaaimbined mas#) of the cone

and water in the CV that can be supported by the jetMgee 10 m/s,H =1 m,h=0.8 m,
D =100 mm,8 = 30°, what is the numerical value & (in kg) ? [8 points]

(a) Cross-section view (b) Top view

Figure 3:Problem 4



Navier-Stokes equationsin cylindrical coordinates:

Continuity:
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Z-momentum:
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