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ANSWER ALL QUESTIONS

QUESTION 1 [15]

1.1

1.2

1.4

In your own words, discuss the concepts of Hydraulic Jump in open channel flow
hydraulics. 3)

Two objects of the same volume, one made of wood and the other made of steel, are
immersed in water. It is argued that each of the two objects will be subjected to the
same buoyant force. Do you agree? Explain your answer. (3)

In as far as fluid mechanics or hydraulics is concerned, state the difference between the
following:

a) Dynamic viscosity and Kinematic viscosity. 2)
b) Newtonian fluid and Non-Newtonian fluid. (2)
c) Centre of Pressure and Centre of Gravity. (2)

A fluid is flowing round a 45° bend through a 110 mm diameter pipe. Assuming that
there is no loss in energy across the bend, state whether there is a change in momentum
or not. Explain your answer. (3)

QUESTION 2 [15]

21  With respect to open channel flow hydraulics, discuss the difference between the
following:
a) Supercritical flow and Subcritical flow. (2)
b) Hydraulic depth and hydraulic radius. (2)
22 Water is flowing steadily in a 0.40-m wide rectangular open channel at a rate of 0.20
m’/s. If the flow depth in the channel is 0.15 m,
a) Determine the flow velocity in the channel. 2
b) State whether the flow is critical, supercritical or subcritical. 3
c) If the character of flow were to change, determine the alternate flow depth in the
channel. 2)
d) Calculate the velocity and the specific energy corresponding to the alternate depth
in (c) above. 4)
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3.1

3.2 The inclined face AB of the tank of Fig. 3.1 below is a plain surface containing a
triangular gate AMN, which is hinged along line MN. If the mass of the gate is 3450
kg and that the reaction force R is half way between A and M.,N; determine the
magnitude of this reaction force, R. (12)

Fig. 3.1
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QUESTION 4  [15]

Fig. 4.2 below shows a section of a pipe network which has two paraliel pipes. The discharge
in pipe CD is 50 I/s. Both pipes AB and CD have a diameter 0400 mm. The length and Iriction
coefficient for pipe AB are 1000 m and /= (.004 respectively. Likewise, the length and friction
coefficient for pipe CD are 850 m and = (.005 respectively. The diameter and length of
parallel pipe 1 are 200 mm and 900 m respectively while that of pipe 2 are 150 mm and 800 m
respectively. The two parallel pipes are made from the Same material of which the friction
coefficient £ = 0.006, With 3 demand of 20 I/s and 15 I/s included at junctions B and C
respectively, determine the following:

a} Discharge in pipe AB, (3)

b) Discharges in pipe 1 and 2, (7

c) Total head loss due to friction between A and D. (5)
20 | /S 15 / S

\ Pipe 1 /
. (\_’_\c T
L Fipe 2 \/ 50 I/s

Fig. 4.2

Department of Civil Engineering Doornfontein Campus
4



Hydraulics IV (THD 411 ) SSA July Exam 2015

QUESTION 5 [20]

5.1 Anirrigation channel with a flow depth that is 60% of the bed width conveys 49.7 m3/s
of water to an irrigation farm, This excavated earth channel is wel] maintained with a
Manning’s coefficient, n = (.22, The channel has a bed slope of 0.002 and side slope
of 1:4 (V:H). Taking the flow to be uniform, determine the following:

a) Channel bed width and Normal depth, (6)
b) Specific energy in the channel. (2)

5.2 The channel shown in Fig. 5.3 below is constructed with float-finished concrete (n=
0.015) and is laid on a Iongitudinal channel slope that falls 0.1 m per 100 m of length.
The channel should be designed to carty a discharge of 15,9 m3s. Making use of
Appendices E and F, calculate the following;

a) Normal depth of the channel, 4)
b) Velocity in the channel. 4)
¢) Critical depth, (4)
<7
?\ 35 m \J
Fig. 5.3
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QUESTION 6 [20]

a) Determine the head, discharge and power input at which the pump is operating. (12)

b) Calculate the efficiency at which the pump is operating. (D
c) If the local atmospheric pressure is 76 cm of mercury (SG =13.6) and vapour
pressure is 7.5 kPa, calculate the NPSH available, 3)
d) For this pump, if the speed of the pump was to be increased to 1600 pm, what do you
think would be the:
i) Discharge. 2)
ii) Head. 2)
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APPENDIX A

FORMULAS
- ]
OPEN CHANNEL FORMULAS PUMP HYRAULICS FORM ULAS |
4 1LV |
1 ¥ h, =
V==R3§" S
n 2gD |
SO |
v —CcrYsH 7 3.03D° |
|
' Froude numbe: n - Kﬁ |
| Ny =X T2 |
F [g"D
P = pgOH |
| Specific energy:
' 2
E:y-f-a-— '?zlofm!put |
g f:'npul |
Critical conditions (general):
o'r -1 NPSH,=H, +H, ~H, ~ K, - H,. |
A’g
]
r’ HJ:}*W . H.T + H.‘
| Critical conditions (rectangular): |
2 _, |
T°Dj°g !
|
Hydraulic jump: |
12-=l(,/1+81v“j —1) |
»no 2 |
B, = (yz W )3 |
4y1y2 |
gy
—
HYDROSTATICS HYDRODYNAMICS |
L Energy Equation: = e _|




—\/izf - 2.010gm(%)+1.74
Or

—Ji—_f = 2.Ologm(3.7D/k)

Re > 4000

payeLl 7
4y ‘+K‘-+ZA=—B+KB—+ZB+hL
P = pgh rg 2g rg 2g
F=P4
Buoyancy:
BM = =
Formula Flow Pipe Reynolds Number j
Conditions | Conditions "
j 16 Laminar Smooth Re <2000
| " Re !
0.0791 Turbulent Smooth 4x10* <Re <10°
) Rey“ |
Turbulent Smooth 5 7
(1 =2.0logw(ReW)—80 5x10° <Re < 4x10
4f
Turbulent Rough

472 v Re = Reynolds Number
hf = S : Re=F L k = roughness size
2gD M R = radius of pipe. And D = diameter of pipe.
V = average velocily in the pipe,
L H_=_dynamic viscosity. J
L
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PUMP SELECTION USING CHARACTERISTIC CURVES

Pump Characteristic Curves

B .

e e
i
e

!
I
i
¥
i
t
{
t
¢

g

e s ot s vt o
- v
H

!

i

!

i

H
T
. ._'.,;.T.?_._.; it

|

;
A S il

i

|

i

]

§

!

. BT

il
e e e e
N b .|

e i
T
1
]
i
i
f
1

e
|

4 LR
= o ol -
de b m il s =
il e e ]
e i e A e NGRS RS vak kol T — ey N S ! e 2
_ =] ' _. - * —= It |
=r s ; m 5] iAd 24
2 ! : ! ki ) ~
e e s
it | et S S I
el S e SRS BE] o et En
e Py Rismaasti r,,!, s
SesaE .“ Fami et [t i
B - 4 4 i = .. = i A” u i-

et Il.rlfl YR S N Ilr|1|1-.-.l:.

ki gm

1
L TS - Y

e

¥
!
i
1
‘!
|
et WY
GEEAER S R K i g 9y b v
J 1 .
A1) ;'-'_i..;'__;_, e 2 il
e S s
;
i
i
¥
i
1
R s e
1
S P viretct
!
1
1
i
i
H
i
]
1

e b b o e

9

Doornfontein Campus

Q
H

Department of Civil Engineering

Design Discharge,
Operating Head,
Power Input

Efficiency,
NPSHgr



APPENDIX C

OPEN CHANNEL CROSS SECTION S
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APPENDIX D

GEOMETRICAL PROPERTIES OF COMMON FIGURES
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Figure 6.4 Normal depth solution procedure: (a) trapezoidal channels
(m = side slope) and (b) circular channels (d, = diameter)
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Figure 6.9 Critical depth solution procedure: (a) trapezoidal channels and
(b) circular chanpels
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