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. Depaj:tment of Civil Engineering

Bacheldr of Technology - Level 5

| CEX 5231 - MECHANICS OF FLUIDS
FINAL EXAMINATION - 2009/2010
Time Allowed : Three Hours

Date : 227d March, 2010 h Time : 1400 - 1700

ANSWER ALE THREE QUESTIONS IN PART A AND ANY TWO QUESTIONS IN PART B. ALL
' QUESTIONS CARRY EQUAL MARKS,

PART A _
Answer all three questic’ans in this section.
1
' A) long, straight river fiows in the middle of & long, straight area of deposited sedlment of 2km
.~ width - that is bounded below and on both sides by impervious rock as shown in Figure 1. The
| deposited sediment is homogenous and isotropic and has a permeability of 2.5 m/day . The areais -
- recharged at an average rate of 1 mm/day due to the infiltration of rainfall. The water level in the
" river is maintained by a dam and the water level in the ground on both sides of the river is at a
steady state. There is a well located 500 m away from the river, as shown in the ﬁgu_re

On a certain day the water level in the river is 10 m above the layer of impervious rock. This level
is reduced by 1 m over a short penod of time by a sudden release of water from the dam. The
o change in the water level in the river will lead toa change in ‘the water level i in the ground overa
longer time period.

River Well

A\

-------

Water table

4 — 1000 m " 1 (000 m
/ - Deposited sedlme_nt
/// / Imuemous ruck
___
 a) Derive, from first principles, a differential equahon governing the unsteady variation
groundwater level on both sides of the river. ‘ State all your assumptions. .

\\\\ -

b) Slmthy the differential equation obtained in section a) to obtain a differential equatlon for the
steady (equilibrium) variation of the water level with distance from the river.

0) Sketch the variation of the water level in the we]l with time after the sudden lowering of the
water level in the river. Explain your answer.

- d) By solving the equation derived in section b), obtain the fmal difference in the water level in the
: We]l due to the lowering of the water level in the river. Explain your answer. :
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2) | . . | E
An open channel has a uniform rectangular cross-section that is 0.5 m in width, a constant slope of

0.005 and a Mannings’ coefficient of 0.025. The channel has two gatesat A and B thatare 25 m
 apart, as shown in Figure 2. The opening of the upsiream gate is 0.1 m while the opening of the

downstream gateis 0.4 m. The channel carries a discharge of 1 m3/s. There is a free hydraulic
- Jump somewhere between the two gates, ' - S : _

a) Calculate the flow depth just upstream of the gate at B.
b) Does the channel have a mild slope or a steep slope for this dischargé? :

c) Sketch one possible free surface profile between A and B and classify the elements of the profile
(from M1, M2, M3, 51, S2, SB, C1, C2, C3, etc.). Explain your answer. o '

d) Explain how you would estimate the location of the hydraulic ju.nip BEtween Aand B.

.. ..e)How WOu.ld the location of the jump change if the sluice gate at B was raised slightly? Explain
your answer. ~ _ : T -

Gate A

- (';éteB;"

_l<_1

= »!

Water flows steadily out of a large tank, X, through a horizontal pipeline ABC as shown in Figure 3.
- The pipeline has a length, L, a diameter d and an equivalent roughness £. The water level in the
tank is H, as shown in the figure. There is a valve atC. ' _ T

It is observed that a sudden closure of the val;fé at C results in a rapid increase of the pressure just -
upstream of the valve. Itis found that the maximum pressure pm in the pipeline depends on the i
variablesL,d,gH, e, pu,p and k . Here g is the acceleration due to gravity, p the viscosity of

water, p the density of water and x the bulk modulus of water defined by 1 = —l-—gf .
‘ : ‘ : kK op
a) Explain why the sudden closure of the vaive results in a rapid increase of the pressure just
upstream of the valve, _ : .

- b) Sketch the variation of the pressure at the locations A, B and C in the pipeline with time after the
sudden closure of the valve on the same graph. Explain your answer.

“c) Obtain a non-dimensional relationship between the maximum pr.éssure Pm and the other .
variables. : ' _
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PR '  PARTB
: Answer any two questions in this section.

g o
. Ahorizontal pipe of circular cross-section has a section where the radius varies linearly such that

_ dr

=k where r(x) is the radius of the pipe, x the distance along the pipe and k is a constant.

_ Water, of density p, flows steadily along the pipe. The pipe friction factor.is f .

‘a) Applying the principles of conservation of mass and conservation of momentum to an
appropriate control volume derive differential equations governing the variation of the velocity

. and pressure - i.e. @, and % - along the section where the radius of the pipe varies. Your

dx S
~ derivation should include the effects of pipe friction. State any assu_mpﬁons that you make.

~ j- b) Show that your result in section a) reduces to a snnple form of the Bernoulli equation-when the
effects of pipe friction are neglected.

“¢) Discuss whether the result obtained in section a) will remain valid as k increases. Consider both
positive and negative values of k. Explain your answer.

‘ The Navier-Stokes- equatlons for a two-dlmensmnal ﬂow can be wntten in the form

__+Lv)q___v(p Evg ) ma vgm0 @

S z A A A

- where g=ui+vj isthe velocxty vector and p is the pressure.
" a) Explain the physical significance of the term (gZ)g in equation (1).

'b) What is the definition of the pressure - p — in equation (lj?

- ¢) Explain the physical significance of the term LAk g in equation (1).
: | p =

_ A two-dimensional ideal fluid flow has a velocity potential given by the function
W(2)=Uz+ikIn(z) where z=x+iy.

d) Obtain an expression for the horizontal and vertical velocity components of this flow along the y
axis (i.e. the line x =0).

E!)_ What are the stagnation points of the flow?

f) Sketch the streamlines of this flow.
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6) : ' |
An u'ngatlon channel has a rectangular cross-section of width 2m. The channel carries a
discharge of 1 m3/s ata depth of 0.6 m . Between locations A and B the channel bed is raised
smoothly by 0 2 m over a channel length of 20 m, as shown in Flgure 6.

Itis necessary to maintain the elevation of the free surface of the flow in the chiannel ata constant
elevation above a horizontal datum. This is to be done by changing the width of the channel
smoothly between A and B while keeping the rectangular cross-section.

a) Obtam a relattonsl-up between y/y. and E/y. for an open chanmnel of rectangular cross-section. -
Here y is the flow depth, y. is the critical depth and E is the speaﬁc energy of the flow.

'b) Calculate the requnred channel width at B. Explam your answer.
.c) Indicate the flow conditions at A and B ona graph of y/ yc agamst E / Ve

- d) Calcu]ate the magmtude and dn:ecl:on of the force on the charmel section AB due to the ﬂow
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: A turbine is tested in a wind of constant velocity, U, as shown in Figure 7. The test is carried out by
# measuring the rotational speed, N, at different values of the torque T, applied against the direction
of rotation of the shaft. .

The blades of the turbine are made of rectangular, two—d:mensmnal (flat) pieces of metal.

1
i
§
§?

- a)Sketch the variation of the Torque, T, as a function of the rotational speed, N, that you would
: expect to obtain from such a test. Explain this variation.

b) Sketch the variation of the shaft power, P, as a function of the rotational speed, N, that you
. would expect to obtain from such a test. Explain this variation.

c) Sketch the variation of the maximum power obtained as a function of the blade angle, 0 that you
. would expect to obtain from such a test. Explain this variation. .

. '_d) Explain how you would obtain a theoretical expression relating the torque, T, to the wind
speed, U, the rotational speed, N, the blade angle, 6 and the geometry of the turbine.

‘Note : You do NOT have to derive an expressmn here. You have only to state the fundamental
principle and explain how it is used. -

e) Explain how you would use the results of this test to estimate the maximum power that could be
extracted by the same turbine for a different wind velocity. .

Torque / ‘

Turbine
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A student sets up a pedestal fan a short distance from a flat surface, as shown in Figure 8, to study
the movement of particles on a flat surface. The flow from the fan is horizontal and the flat surface
is also horizontal and has a smooth surface.. :

The student uses the four types of particles listed in Table 8 below,

Particle Type . Material Size and shape
A ' Paper __ lcmsquare ‘
B | . Paper 1 cm square crumpled into 3 mm spheres
C Polystyrene 3 mm spheres’ -
D - Quartz . 3 mm grains
Table 8

‘The student places each of these types of particles on the table and records the minimum distance

from the edge of the table to the location where the particles remain stationary in the flow.

a) Explain, using ﬁéat diagral;:ls, how the ?relomty profile (variation of VEldEity with aiSfance from
the surface of the table) would vary with the distance from fhe edge of the table. Assume that the
velacity profile at the edge of the table is uniform. S : :

b) Sketch the variation of the shear stress on the table with distance frorm the 'edge of the table and
explain this variation with reference to the velocity profiles you discussed in section a). - '

C) Sketch, on the same graph, the variation of the shear stress on the table with distance from the
edge of the table for a smooth surface and a rough surface. Explain the differences, - .

d) The student finds that particles of type A moved further along the table than particles of type B
even though both types of particles have the same weight. Explain this observation.

e) The size and shape of particle types B, C and D are the same. What differences worild you expectw
to find between the stable locations of these particles from the edge of the table? Explain your -
answer, - - : '

Flat Surface
' Particles
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