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Question One [Total: 20 Marks]

1.1.Water flows as two free jets from the tee attached to the pipe as shown in figure below.
The exit speed is 15 m/s. If viscous effects and gravity are negligible, determine the x and
y components of the force that the pipe exerts on the tee.
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, htea = 0.3 me
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\., I | E N ¥=15ms
—) H x | -
] I '
N - N 4 Area = 0.5
Fipe Tee
10 marks

1.2.Air under standard conditions flows through a 4.0-mm diameter drawn tubing with an
average velocity of V = 50 m/s. For such conditions the flow would normally be
turbulent. However, if precautions are taken to eliminate disturbances to the flow (the
entrance to the tube is very smooth, the air is dust free, the tube does not vibrate, etc.), it
may be possible to maintain laminar flow. (a) Determine the pressure drop in a 0.1-m
section of the tube if the flow is laminar. (b) Repeat the calculations if the flow is

turbulent.
Under standard temperature and pressure conditions, density of air = 1.23 kg/m® and

viscosity of air = 1.79 x 10 Pa-s. Roughness, € = 0.0015 mm.

10 marks

Question Two [Total: 20 Marks]

The pressure at section (2) shown in figure below is not to fall below 413685.44 Pa when the
flowrate from the tank varies from 0 to 28.3 L/s and the branch line is shut off. Determine the
minimum height, h, of the water tank under the assumption that minor losses are negligible.
Properties for water: density = 1000 kg/m?3; viscosity = 1.002 x 103 Pa:s.
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All pipes in 15.24 cm-diameter plastic
(e/D=0), flanged fittings

Branched line

(2)
Main line
\ 182.88 m
’- with 15 x 90° i 274.32 m "
elbows
Question Three [Total: 15 Marks]

How much more power is required to pedal a bicycle at 6.71 m/s into a 8.94 m/s head-wind
than at 6.71 m/s through still air? Assume a frontal area of 0.36 m? and a drag coefficient Cp
= 0.88. Assume density of the wind is 1.23 kg/m?.

Question Four [Total: 20 Marks]

A velocity field is given by V = xi + x(x — 1)(y + 1)j, where u and v are in m/s and x and
y are in metres.

4.1.Determine the streamline equation that passes through the origin. (6)
4.2.Plot the streamline that passes through the origin. Use -1 < x < 3. (8)
4.3.Determine if the flow is steady state at the origin. (1)
4.4.Determine if the flow is uniform at the origin. (2
4.5.Determine the acceleration field. 3)
Question Five [Total: 25 Marks]

5.1.The smooth concrete-lined channel shown in the figure below is built on a slope of 2
m/km (So). Determine the flowrate if the depth isy =1.5m.
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Concrete

0.5 m 3am

15 marks

5.2.A flat-blade turbine with six blades (curve 1 on Re vs Np graph) is installed centrally in a
vertical tank. The tank is 1.83 m in diameter, the turbine is 0.61 m in diameter and is
positioned 0.61 m from the bottom of the tank. The turbine blades are 127 mm wide. The
tank is filled to a depth of 1.83 m with a solution of 50% caustic soda, at 65.5°C, which
has a viscosity of 12 cP (12 x 10 Pa-s) and a density of 1498 kg/m?®. The turbine is
operated at 90 rpm. The tank is baffled. What power is required to operate the mixer?

10 marks

END [Total: 100 Marks]
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Fluid Flow

1. Equation of a streamline:

2. Acceleration in velocity field:

3. Reynolds number:

4. Bernoulli’'s equation:

5. Continuity equation:

6. Conservation of momentum:

7. Conservation of momentum:

8. Momentum in x-axis:
9. Momentum in y-axis:
10.Force:

11.Force in x-axis:

12.Force in y-axis:

13.Conservation of mass:

14.Energy Equation:

15. Energy Equations:

16.Pressure drop in flow:

17.For laminar flow:

18. For turbulent flow:

19.Power:

Open Rubric

WARAA432: Formula Sheet

Formula Sheet
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Fluid Flow

20.Drag force:

21.Manning Equation:

22.Specific energy:

23.Froude number:

24. Critical depth of flow:

25.Reynolds for mixing:

26.Power for a mixer:

WARAA432: Formula Sheet
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Tables and Figures

Values for Manning coefficients

B TABLE 10.1
Values of the Manning Coefficient, # (Ref. 6)

Wetted Perim eter 7 Wetted Perim eter a
A Negural channels D Arificially lined channels
Clean and straight 0.0320 Glass 0.010
Sluggish with deep pools 0.040 Brass 0011
Ilajor fivers 0.035 =teel, smooth 001z
B. Floodplains =teel, painted 0014
Pasture, farmland 0035 =teel, riveted 0.015
Light brush 0.050 Cast iron 0.01%
Heavy brush 0075 Concrete, finished nolz
Trees 015 Concrete, unfinished 0014
Flaned wood 0012
O Excavaged earth channels Clay tile 0014
Clean 0.022 Brickwork 0.015
Gravelly 0.025 Asphalt 0.016
Weedy 0.030 Cormugated metal 0022
stony, cobbles 0.035 Rubble masonry 0025




Fluid Flow

Power number against Reynolds number of some turbine impellers

WARAA432: Formula Sheet
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WARAA432: Formula Sheet

Moody Chart
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