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Date : 22™ March, 200} . - Time : 1400 - 1700

AN SWER ALL THREE QUESTIONS IN PART A AND ANY TWO QUESTIONS IN
PART B. ALL QUESTIONS CARRY EQUAL MARKS.

PART A
Answer all three questions

1) Water is discharged to the atmosphere from a Tank, X, through a pipeline ABCDEFG, as

- shown in Figure 1. All the pipes have a diameter of 10 cm and a friction factor of 0.01. A
valve, V , is situated between E and F, as shown in the ﬁgure The valve is fully open and has
a loss coefficient of 0.15.

a) Sketch, on graphs placed one above the other, the \}ariaﬁon of the Elevation Head, Velocity
Head, Pressure Head and Total Head from O, a point on the fr_ee surface of X, t0G.

. b) Calculate the discharge: through the plpelme Assume reasonable values for any parameters
- not given and state all your assumptlons ' :

c) Calculate the lowest pressure in the pipeline.

The handle of the valve i is now turned until the discharge is reduced to 25% of the ori gmal
value.

| d) Sketch, on the same graph, the variation of the Pressure Head from O to G before and after
the handle of the valve is turned. Explain your answer. :

e) Calculate the loss coefficient of tﬁe valve after handle is turned.
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2) A pipe has a section ABC, which has a U-shaped bend in it, is Eépt in a vertical plane as
shown in Figure 2. The pipe has a uniform diameter of 5 cm and the length along the pipe
from A to B is 120 cm . A U-tube mercury manometer is connected to A and B, while a
simple water manometer is connected to B, as shown in the fipure, A and B are at the same
horizontal level. S

When water flows steadily at a certain rate in the pipe, the mercury levels in the U-tube :
. mercury manometer are as shown in the figare. The difference in the mercury levels is 8 mm,

while the water level in the water manometer is 25 cm above the level of B. The rate of
energy loss in the flow through this pipe section is foundtobe 2°W .

(The density of water = 1000 ke/m’ and the density of mercury = 13,600 kg/m®)
a) In what direction is the water flowing? Exﬁlaih your anSwér.' '

b) Calculate the discharge through the pipe section‘AB_C;

¢} Calculate the magnitude and direction of th.e force on the pipe section ABC due to this
flow. : - -

gem

Figure 3

Gutter
Figure 2 :

3) The roof of a building is drained by a gutter, ABC to a water tank, as shown in Figure 3.
The roof is at an angle of 15 degrees to the horizontal and the diinensiqns of the roof are
shown in the figure. The gutter has a rectangular cross-section, with a width of 15 cm and a
height 8 cm. The slope of the gutter is 0.015 and the Manning’s coefficient of the gutter is
0.01, ' ' o '

On a certain day the roof is dry in the morning and the tank is empty. It begiﬁs to rain at
1200. The rainfall lasts fd; 30 minutes at a constant intensjty. The total volume collected in
the tank as a result of this rainfall is 7000 litres . :

a) Sketch the variation of the di;chmgé_m the guiter at B with ﬁm‘e. Explain your answer,

b) Estimate the intensity of this rainfall. Assume reasonable values for any parametef that is
not given and explain your answer. -

_ c) Estimate the maximum inténsity of rainfall for which the gutter will not overflow. State
your assumptions and explain your ansiver.
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PART B
~ Answer all any two questions

4) A conical tank discharges water through a small hole in its base, as shown in Figure 4. The-
semi-vertex angle of the cone is 45 degrees and the hole has a diameter of d as shown in the
figure. Ata certain time t the water level in the tank is h(f) as shown.

a) State the principle of conservation _of mass fora ﬂuid contro! volume.

b) Obtain an expression for the rate of change of the water level in the tank State all your
assumptions.

¢) Obtain an expression for the time t taken for the water level to fall fromalevel h=H toa -
level h=H/2. v

/ - X

-

Figured . - " Figures

-5) Water is supplied from Tank X to three taps, A, Band C, as shown in Flgure 5. Tap Ais

on the first floor while Taps B and C are on the ground floor.

a) If the eleVation diﬂ‘erenoes between the Water,level in the tank and Taps A, BandC 'and the
properties (lengths, diameters, friction factors etc.) of all the pipes-are given, explain in detail
how you would calculate the discharge ﬁ'om Tank X when Taps B and C are open but Tap A

is closed.

b) A house has three taps supplied from an overhead tank as shown in Fi igure 5. It is found

that there is no discharge from Tap A when all three taps are fully ogened Explain how this
can happen .

¢) What changes would you suggest to the water supply system in thJS house to solve thIS

. problem?

6) a) Explain what is meant by *“calibration” of an instrument used for measurement.

. b) Explain, using a neat diagram, what a domestic water meter is used for and how it works.

¢) Explain how you would calibrate a domestic water meter.
d) Explain, using a neat diagram, what a pitot-static tube is used for,

€) Derive a relatlonshlp between what is observed ina pltot~statlc tube and the quantity that is

" measured usm g a pitot-static tube.
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A centnﬁ1ga.1 pump is used to pump water from Reservoir X to Tank Y as shown mF
7. The pipeline AB has a length of 500 m , a dlameter of 50 mm and a friction factor of (
Tank Y has a uniform cross-sectional area of Sm’ and a maximum depth of 15 m . The
bottom of Tank Y is 10 m above the water level of Reservoir X.

The rate of change of the water level in tank Y is observed while the tank is bemg filled.
observed that the rate of change of the water level decreases as the water level increases.
rate of change of the water level in Tank Y is 0.2 mm/s when the water level in Tank Y
1 m. The maximum water level reached is 10 m above the bottom of Tank Y.

'a) Explain why the rate of change of the water level in Tank Y decreases as the water lev
increases.

b) Explain why the water level in Tank Y reaches a maximum value.

¢) Using the given information calculate two points on the charactenstlc curve for the pw

(i.e. the pairs of values of pump head and pump dlscharge that you would obtain from a ¢
o test) Explam your answer. _ .

[y

9
[Om
Figure 7

'8) A student pla.ns to measure the dlscharge ina plpelme by using the mstrument shown

Flgure 8. The instrument consists of an expanding pipe section AB — where the dlameter‘
increases from the pipe diameter d to a value of 2d . The expanding section is followed
a coniracting pipe section BC — where the diameter reduces back to the pipe diameter d, i
shown in the figure. Simple water manometers are connected at A and B as shown. The
student plans to measure the difference in the water levels in the manometers when Water;
' -ﬂewmg through the instrument. : .

‘a) Winch manometer wﬂl have a higher water level when water flows. through' the instnif

7 b) Derive a relationship betweeu the difference’in the water levels in the manometers and
discharge through the instrument. State all your assumptions.

¢) Suggest improvements to the design of this instrument, ‘Explain yeuf answer.
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