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QUESTION 1

Werite true or false for the following statements;

a)

g

h)

D

The velocity of water in a pipe changes from the pipe boundary to the center of
the pipe.
The velocity of flow in a pipe is highest in the center and lowest at the boundary
Changes in the diameter of a pipeline do not affect the velocity.

The flow rate is not affected by changes in pipe diameter.
When water in a pipeline flows it loses its potential energy into kinetic energy,
however, this change do not result in an increased velocity head.
The term p/pg stands for pressure energy in the total energy equation.
The total energy equation of a system is represented by p/pg + v */2g +Z
(excluding loses and addition of energy into the system)
The flow into a node is equal to the flow out of it.
The hydraulic gradient line stands for or represents the energy of a system minus
loses of the energy along a pipeline.
The pressure head, velocity head, and elevation head together give the total head
useful in the design of pipe network.

(20 Marks)

QUESTION 2

Write true or false for the following statements;

a)

b)

d)

The relationship between pressure and head is utilized for pressure measurement
in the manometer or liquid gauge.

The maximum gauge pressure of water that can be measured by means of a
pyrometer tube 2m high is 19.62 x10° Nm™

Except in nuclear processes, matter is neither created nor destroyed.

According to the principle of continuity of flow, the mass of fluid entering per
unit time is equal to the mass of fluid leaving per unit time minus increase of mass

of fluid in the control volume per unit time.
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g)

h)

i)

For the flow of a real fluid through a pipe or other conduit, the velocity will vary
from wall to wall.

The continuity of flow equation is one of the major tools of fluid mechanics,
providing a means of calculating velocities at different points in a system

The continuity equation can be applied to determine the relationship between the
flow into and out of a junction.

For steady conditions, total inflow to a junction is equal to the total outflow from
the junction.

In any fluid under gravitational attraction, pressure increases with increase in
height.

For steady flow at any junction the algebraic sum of all the mass flow must be
Zero.

(20 marks)
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QUESTION 3

A vertical sluice gate with an opening of 0.67 m produces a down stream jet depth of
0.40m when installed in a long rectangular channel 5.0 m wide conveying a steady
discharge of 20.0m*/s. Assuming that the flow downstream of the gate eventually returns
to the uniform flow depth of 2.5m.
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Fig. 2

a) Verity that that a hydraulic jump occurs. Assume a =8 = 1.0 (See fig.1)
(4 marks)

b) Calculate the head loss in the jump.
(2 marks)

c¢) If the head loss through the gate is 0.05 V; ?/2g, calculate the depth upstream of

the gate and the force on the gate.
( 8 marks)

d) If the down stream depth is increased to 3.0 m analyze the flow conditions at the
gate. (See fig.2)
(6 marks)
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QUESTION 4

(a) A trapezoidal irrigation channel excavated in silty sand having a critical force on
the horizontal of 2.4 N/m* and angle of friction 30° is to be designed to convey a
discharge of 10m’/s on the bed slope of 1: 10 000. The side slopes will be
I(vertically): 2 (horizontally). n =0.02. Determine the channel dimensions such

that t?e mean velocity does not exceed 0.6m/s when conveying the discharge of
10 m’/s.
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(14 marks)

(b) A pipeline of 300 mm diameter carrying water at an average velocity of 4.5 m/s
branches into two pipes of 150 mm and 200 mm diameters. If the average velocity in
the 150 mm pipe is 5/8 of the velocity in the main pipeline. Determine the average
velocity of flow in the 200 mm pipe and the total flow rate in the system in I/s.

—p—r Qi, V, = 58V
Dy = 150 mm
o
VY = 4:5m/s _
D = 300 mm 7 O D2 = 20 ma

Branching pipeline

(6 Marks)
QUESTION 5

(@) A vertical circular tank 1.25 m diameter is fitted with a sharp edged circular
orifice 50 mm diameter in its base. When the flow of water into the tank was shut
off, the time taken to lower the head from 2m to 0.75 m was 253 seconds.
Determine the rate of flow in I/s through the orifice under a steady head of 1.5m.

(6 marks)

(b) A large rectangular orifice 0.40 m wide and 0.60m deep placed with the upper
edge in a horizontal position 0.90 m vertically below the water surface in the
vertical sidewall of a large tank, is discharging to the atmosphere.

Calculate the rate of flow through the orifice if its discharge coefficient is 0.65

(4 marks

3 7
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(©) Estimate the energy (head) loss along a short length of pipe suddenly enlarging
from a diameter of 350mm to 700mm and conveying 300 liters per second of
water. If the pressure at the entrance of the flow is 10° N/m?, find the pressure at
the exit of the pipe. What would be the energy loss if the flow were to be reversed
with a contraction coefficient of 0.62?

(10 Marks)

QUESTION 6

(a) A drainage pump having a tapered suction pipe, discharges water out of a sump.
The pipe diameters at the inlet and at the upper end are 1 m and 1.5 m
respectively. The free water surface in the sump is 2m above the centre of the
inlet and the pipe is laid at slope of 1:4 (1 vertical): 4 (along pipeline). The
pressure at the top end of the pipe is 0.25 m of mercury below atmosphere and it
is known that the loss of head due to friction between the two sections is 1/10 of
the velocity head at the top section. Compute the discharge in I/s through the pipe
if its length is 20 m. (See figure below)

Flow through the suction pipe of a pump

(10 Marks)
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(b)

A 500 mm diameter vertical water pipeline discharges water through a
constriction of 250 mm (See figure below). The pressure difference between the
normal and constricted sections of the pipe is measured by an inverted U-tube.
Determine (i) the difference in pressure between these two sections when
discharge through the system is 600 /s, and (ii) the manometer deflection, h, if
the inverted U-tube contains air.

500 mm Dia.

250 mm Dia.
Flow through a vertical constriction (10 Marks)

76
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FORMULARS

1. Cd=061andT =Jdt=ZA (H"? - H,?)

Cdav2g
2. Q=2/3CdV2g bH*" - H
3. Y; = Ys/2 (N1+8Bfs* - 1)
4. Fs-Vs/NgYs
5. (Y+V72g)-(Y +V/2g)
6. pgy*2+ pq(Vi—Vy)- pgYs/ Fx=0

7. Yo = Y, V14+2F% (1 =Ys/ Ya)
8. Q=AV

10. Y Ys/2 (\/1+8st -1

11. Fs- Vg/VgYs

12.10 log 10 [VV/Wo]

13. WM, = 10tV

14.Lw (Total) = 10 log (W1/Wp + W2/Wp)

15. Ly= 10 log (p/po )
16.L,(total) = 10 log (p totas /Po )*

17.W = Z 2msit) g where pC = 420 rayls.

pC
18. 1= W
4Trr2
19.1 __Q_n'ns orp ms = (| pC)”z
pC
20. Py + Vi = P +V

pg 2g pg 2g

21. b= 20Co0s8
g

22. W= pgQ
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Additional formulae

Ce=061and T =[dt=2A (H,'* - H,'"*)
Cda\/2g

Q=2/3 C4V2g b (H/*? - H,*?)

Q=ajvi=aivz
P\/pg + Vi%/2g + Pilpg + V22 + (V1-V, ¥/2g

hy = (1/C-1)* Vi?/2g
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