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QUESTION ONE [30 marks]

a] Explain the difference between normal stress and tangential stress [4 marks]

b] Does the absolute pressure in a liquid of constant density double when the depth is doubled.
Explain using relevant formulas [3 marks]

c] Briefly explain why it is extremely difficult to push a ball under water? [4 marks]

d] In a hydraulic press, the input force is multiplied by 7 times in order to lift a 3000 N weight with
the output piston. By how many times must the radius of the output piston be greater than the radius
of the input piston for this output force to be achieved [4 marks]

e] A hose pipe is used to empty a 40 L bucket. The inner diameter of the pipe is 0.8cm at the bucket
outlet (pipe inlet) and increases by 150% at the pipe outlet. If it takes 1 min to empty the bucket,
determine the percentage change in average velocity of water as result of pipe area change
[6 marks]

f] State and explain any four assumptions made in the applicability of Bernoulli’s equation
[4 marks]

g] Show that the friction factor in laminar region of flow is given by f = 64/Re [5 marks]

QUESTION TWO [20 marks]

a] A fluid of constant density p=980 kg/m3 is flowing through a horizontal tube. The diameters
upstream and downstream of the tube are 100 mm and 80 mm respectively while the gauge pressure
and velocity upstream of the tube are 200 kPa and 5m/s respectively. Determine the gauge pressure
downstream of the tube [10 marks]

b] Explain the significance of Reynolds number. Dominance of which forces leads to laminar or
turbulent flows? [4 marks]

c] Determine the minor head loss that will occur as 0.0045 m3/s water flows from a 40-mm pipe
diameter into a 100-mm pipe diameter through a sudden expansion. Take the minor loss coefficient
to be 0.7 [6 marks]



QUESTION THREE [20 marks]

Determine the flowrate through the Venturi meter shown in Fig. Q3 if ideal conditions exist
[20 marks]

71 = 7350(\) o pa = 550 kPa

v = 9.1 kN/m3

Fig. Q3

QUESTION FOUR [20 marks]

a] The tank of a leaky air compressor originally holds 90 L of air at 33 °C and 2.25 bar. During a
compression process, 4 grams of air is lost. The remaining air occupies 42 L at 5.5 bar. Determine the
temperature of the remaining air [8 marks]

b] Water is flowing through an 80 m long plastic pipe, 50 mm in diameter at the rate of 2 dm3/s.
Given that the pipe surface roughness is 0.032 mm and the dynamic viscosity of water is 1.5x10-3
Pa.s, determine the head loss [12 marks]

General information

Standard acceleration: g= 9.81 m/s? Standard atmospheric pressure: 1 atm=101.325 kPa= 760 mmHg=10.33 mH20
1 bar=10% Pa

Specific gas constant of air: R= 0.287 kJ/kg. K

Universal gas constant: Ru= 8.314 kJ/kmol K

Dynamic viscosity u: 1 kgm's'=1 Nsm?2=1 Pas

Kinematic viscosity: m? /s



Properties of water

Temperatur | Densit | Specific | Viscosity Kinematic Bulk Surface Vapor
e y weight L, viscosity modulus tension Pressu
[°C] P, Y [N.s/m?] v, B, o, re
[kg/m® | [N/m?] [m?/s] [Pa] [N/m] [kPa]
]
0 999.9 9809 1.792x 1073 1.792x 10 204 x 107 | 7.62x 102 | 0.610
5 1000 9810 1.519 1.519 206 7.54 0.872
10 999.7 9807 1.308 1.308 211 7.48 1.13
15 999.1 9801 1.140 1.141 214 7.41 1.60
20 998.2 9792 1.005 1.007 220 7.36 2.34
30 995.7 9768 0.801 0.804 223 7.18 4.24
40 992.2 9733 0.656 0.661 227 7.01 7.38
50 988.1 9693 0.549 0.556 230 6.82 12.3
60 983.2 9645 0.469 0.477 228 6.68 19.9
70 977.8 9592 0.406 0.415 225 6.50 31.2
80 971.8 9533 0.357 0.367 221 6.30 47.3
90 965.3 9470 0317 0.328 216 6.12 70.1
100 958.4 9402 0.284x 1073 0.296 x 107 207x 107 | 5.94x 1072 101.3
Properties of Air at Atmospheric Pressure
Temperature Density Viscosity Kinematic Speed of sound
[°C] P, I, viscosity c,
[kg/m’] [N.s/m?] v, [m/s]
[m?%/s]
-30 1.452 1.56x 10 1.08x 10°° 312
-20 1.394 1.61 1.16 319
-10 1.342 1.67 1.24 325
0 1.292 1.72 1.33 331
10 1.247 1.76 1.42 337
20 1.204 1.81 1.51 343
30 1.164 1.86 1.60 349
40 1.127 1.91 1.69 355
50 1.092 1.95 1.79 360
60 1.060 2.00 1.89 366
70 1.030 2.05 1.99 371
80 1.000 2.09 2.09 377
90 0.973 2.13 2.19 382
100 0.946 2.17 2.30 387
200 0.746 2.57 3.45 436
300 0.616 2.93% 10 4.75% 107 480
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