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Question 1

(a) Calculate the velocity component v if © = Ae® is the other component so that

the equation of continuity satisfied. 5]

(b) A steady, incompressible, two dimensional velocity is given by
w=a® — (b— cx)?,v = —2cby -+ 2c*zy.

Determine the location of the stagnation point, if it exists. 5]

(¢) A 90N rectangular solid block slides down a 30° inclined plane as shown in
the figure below. The plane is lubricated by a 3mm thick film of oil of relative
density of 0.90 and viscosity 8.0 poise. Tf the contact area is 0.3m?, estimate

the terminal velocity of the block. [10]

Question 2

(a) The diameters of a pipe at the sections A and B are 200 mm and 300 mm
respectively see the diagram below. If the velocity of water flowing through

the pipe at the section A is 4m/s, find
(i) discharge through the pipe, _ [5]

(i) velocity of water at section B. (5]

W = 4m/s

dy = 200mm d, = 300mm




(b) The velocity distribution of a certain two-dimensional flow is given by
w = Ay + B and v = C't, where A, B, C are constants. Obtain the equation of

the motion of fluid particles using the Lagrangian method. 10]

Question 3

(a) The resistance force F' of a ship is a function of its length L, velocity V/,
acceleration due to gravity g and fuid properties like density p and viscosity
4. Write this relationship in a dimensionless form.
(Hint: write F' = f(L,V, g, p, 1)) (10

(b} Consider a uniform flow in positive z-direction as shown in the figure below.

with v = U/ and v = 0.

(i) Show that the flow is physically possible incompressible flow. (2]
(ii) Show that the flow is irrotational. (2]
(i} Determine the stream and potential functions. 6]

uniform stream

§ 4 shown for ¢/ -




Question 4

For a two dimensional fow, the velocity function is given by the expression, ¢ =

2.;2

2

Determine velocity components in z and y directions. 4]

Show that the velocity components satisfy the conditions of flow continuity

and irrotationality. [9]

Determine stream functions and flow rate between the streamlines (2, 0) and

(2,2). (5]

Show that the streamlines and potential lines intersect orthogonally at the
point (2,2). 6]

(a)

(b)

(c)

Question 5

What are the three major assumptions used in the derivation of the Bernoulli

equation. i3
Write down Bernoulli’s equation, what does each term represent? )

A Styrofoam cylinder, {illed with water, sits on a table. You then poke a small
hole through the side of the cylinder, 20 cm below the top of the water surface
as shown in the figure. What is the speed of the fuid emerging from the hole?
[12]




Question 6

(a) Define mass and volume flow rates. [4]

(b) Name and briefly describe the four fundamental types of motion or deformation
of fluid particles. 4]

(¢) A steady, incompressibie, two-dimensional velocity field is given by
V = (u,v) = (0.5 + 0.82)i+ (1.5 — 0.8y)j.
Calculate the various kinematics properties, namely, the rate of translation,

rate of rotation, linear strain rate and shear strain rate. [12]

Question 7

(a) (i) What is the basic assumption for a creeping flow? 2]
(i) Define Hele-Shaw flow. 2]

(i) Writea one-word description of cach of the five terms in the incompressible

Navier-Stokes equation,
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When the creeping flow approximation is made, only two of the five terms

remain. Which two terms remain, and why is this significant? 8]

(b) Consider a viscous Newtonian fluid on top of an infinite flat plate lying in
the zy-plane at z = 0. The fluid is at rest wntil time ¢ = 0, when the plate
suddenly starts moving at speed V in the z-direction. Gravity acts in 2-
direction. Formulate the one dimensional diffusion equation and determine

the presswre field. (8]
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