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1. (a) Based on Moody Diagram, explain the relationship between friction 

factor and velocity. 

[5 marks] 

 

 

(b)  Determine the discharge of water at 25°C through a 30 cm diameter 

cast iron pipe if the head loss is 5.43 m and the length of the pipe is 

200 m.  

[5 marks] 

 

 

(c)  Determine the elevation of the water surface in Reservoir A if the 

discharge in the system is 0.25 m3/s. Pipe (D30) is a steel pipe 

whereas Pipe (D15) is a HDPE pipe. Given that the value for the 

coefficient of contraction (Kc) is 0.37 (contraction between pipe D30 

and D15).  

[10 marks] 

 

 

 

  

Figure 1 
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2.   (a) Discuss the losses and discharge characteristics between pipe in 

series and pipe in parallel.  

[6 marks] 

 

  (b) Water flows from Tank 1 to Tank 2 as shown in Figure 2. Determine 

the discharge in Tank 2 for the pipe characteristic as follows: 

 

- Diameter of the pipe is 20 cm 

- Total length of the pipe is 220 m 

- A cast-iron pipe is used 

[14 marks] 

  

                                     Figure 2 
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3.  (a) Dimensional analysis is a mathematical technique making use of study 

of dimensions in research work for design and conducting model tests. 

Explain in detail types of dimensions and give examples for each type.  

 

[10 marks] 

 

(b) The pressure drop in a flow meter in which oil flows at an upstream 

velocity 0.6 m/s is to be estimated by model studies. A 1:5 scale model 

using water is used. Determine: 

 

(i) The prototype pressure drop if, the pressure drop in the model is 

400 Pa. 

 

(ii) The model discharge If the prototype discharge is 150 L/s. 

 The following values are relevant: 

[10 marks] 

Table 1 

Item Prototype Model 

Density 900 kg/m3 998 kg/m3 
Viscosity 0.104 Pa.s 1 x 10-3 Pa.s 

(The Reynolds model law is applicable) 

 

 

4 (a) With the aid of sketch diagrams, briefly discuss the differences 

between pump and turbine. Explain TWO (2) reasons why pump 

industry offer several choices of impeller diameter.  

[8 marks] 

 

(b) An inward flow reaction of the pump has inlet and outlet diameters of 

1.2 m and 0.6 m, respectively. The breadth at inlet is 0.25 m and at 

outlet  is 0.35 m. At a speed of rotation of 250 rpm, the relative velocity 

at entrance is 3.5 m/s and is radial. Calculate: 
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(i) Absolute velocity at entrance and the inclination to the tangent 

of the runner 

 

(ii) Discharge  to the pump 

 

(iii) The velocity of flow at the outlet  

[12 marks] 

 
 
 
5.  (a) A float-finished concrete lined trapezoidal channel has a bed width of 

3.75 m. It is given that the bed slope is 1 in 1000 and the side slopes 

are 45°. The discharge running through the channel is 25 m3/s. 

Calculate the depth of uniform flow. 

[14 marks] 

 

 

 (b) Specific energy provides a measure of the energy relative to the 

bottom of the channel and provides a useful means to analyze complex 

flow situations. Sketch and explain specific energy curve for:  

 

(i) Closed sluice gate 

 

(ii) Opened sluice gate 

 

(iii)  Drum gate 

  

[6 marks] 
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6.  (a) Consider a rectangular channel with water flowing at an average 

velocity of 4.35 m/s. The width of the channel is 2.5 m and the depth of 

the flow is 3.25 m.  

 

Determine:  

 

(i) The types/classification of flow based on Froude no. 

 

(ii) The velocity of the flow at the alternate depth that corresponds 

to the same specific energy. 

 

Show all of the corresponding values of specific energy, depth 

and types of flow on the specific energy graph.  

[14 marks] 

 

 

(b) A hydraulic jump occurred as water flows down a spillway of a dam. 

The velocity of flow at the upstream of the hydraulic jump is 6.5 m/s 

with a water depth of 0.43 m. Determine the average velocity of the 

flow downstream of the jump.  

 

[6 marks] 
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APPENDIX 
 
 

TABLE 1 – Values for Mannings’ Coefficient n 

Values for Manning’s n 

Channel Description n 

Glass, copper, plastic, or other smooth surface 0.010 

Smooth, unpainted steel, planed wood 0.012 

Painted steel or coated cast iron 0.013 

Smooth asphalt, common clay drainage tile, 
trowel-finished concrete, glazed brick 

0.013 

Uncoated cast iron, black wrought iron pipe, 
vitrified clay sewer tile 

0.014 

Brick in cement mortar, float-finished concrete, 
concrete pipe 

0.015 

Formed, unfinished concrete, spiral steel pipe 0.017 

Smooth earth 0.018 

Clean excavated earth 0.022 

Corrugated metal storm drain 0.024 

Natural channel with stones and weeds 0.030 

Natural channel with light brush 0.050 

Natural channel with tall grasses and reeds 0.060 

Natural channel with heavy brush 0.100 
 

 

Equivalent Roughness (Neq) – Horton’s Method 
 

 
 

Equivalent Roughness (Neq) – Total Discharge Method 
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Moody Diagram 
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