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QUESTION 1  

1.1 A thin 30 x 30 cm flat plate is pulled at 3 m/s horizontally through a 3.6 mm 

SAE 30 engine oil layer sandwiched between two plates, one stationary and 

the other moving at a constant velocity of 0.3 m/s. The dynamic viscosity of 

the oil is 0.027 Pa.s. Assuming the velocity in each oil layer to vary linearly 

(and indicating any two further assumptions used in arriving to  the solution). 

(a) Plot a detailed velocity profile and locate where the oil velocity is zero and 

                                                                                                                      (8) 

(b) Investigate if a force of 7.29 N will be sufficient to maintain the motion. (10)  

 
1.2 The magnitude of the capillary rise in a circular tube can be determined from 

a force balance on the cylindrical liquid column of height h in the tube. With 

the use of a figure, prove that the capillary rise and depression are given by: 

ℎ =
2𝜎

𝜌𝑔𝑅
 𝐶𝑜𝑠 𝜙 

Use two separate schematic diagrams for both the rise and depression 

phenomena. 

                    (15) 

1.3 A pump is used to transport water at 20°C to a higher reservoir. If cavitation is 

to be avoided, what is the minimum pressure that must exist in the pump to 

avoid cavitation?                                                                                                        (2)                             

                      [35] 
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QUESTION 2 

 
Figure 2 shows a differential manometer of U-tube type. Evaluate (showing all steps 

of your calculations) if the differential pressure is given by the expression: 

𝑃𝐴 − 𝑃𝐵 = 𝑔ℎ(𝜌𝐺 −  𝜌1) +  𝜌2𝑔𝑦 −  𝜌1𝑔𝑥 

Where  𝜌𝐺  , 𝜌1 and 𝜌2 are the density of heavy liquid, density of liquid at A and density 

of liquid at B respectively.        (7) 

 

Figure 2 

                                                                                                                    [7] 
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QUESTION 3 

 
A vertical sluice gate is used to cover an opening and closing of the Vaal dam. The 

opening is 2 m wide and 1.2 m high as shown in Figure 3. On the upstream of the 

gate, the liquid of specific gravity 1.45 lies up to a height of 1.5 m above the top of the 

gate, whereas on the downstream side the water is available up to a height touching 

the top of the gate. 

a) Find the magnitude (Newtons) and the position (metres) of the resultant force     

          (28)                              

b) Prove (using calculations) that a horizontal force of 9.597 kN acting at the top 

of the gate is capable of opening the gate.     

 (4)    

 

Figure 3 

                                                                                                                    [32] 
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QUESTION 4 
 
Develop an expression necessary to calculate the coefficient of discharge of a 

venturimeter shown in figure 4.  

 

Figure 1 

                                                                                                                    [10] 

             

 

 
QUESTION 5 
 
A reducing elbow in Figure 5 is used to deflect water flow from a fire engine truck to 

a burning building. Water is allowed to flow through the elbow at a rate of 14 kg/s in a 

horizontal pipe upward 30° while accelerating. The elbow discharges water into the 

atmosphere. The cross sectional area of the elbow is 113 cm2 at the inlet and 7 cm2 

at the outlet. The elevation difference between the centres of the outlet and the inlet 

is 30 cm. Verify if an anchoring force of 144 N will be sufficient to hold the elbow in 

place. 

 

                                                                                                                    [16] 
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FORMULAS 

 

P = F/A 

 

τ = μ du/dy 

 

h = 4δCosØ/ρgd 

 

h = 4δ/ρgd 

 

p = ρgh 

 

F = ρgAħ 

 

ĥ = (IG Sin2Ø /Aħ)+ ħ 

 

ĥ = (IG/Aħ)+ ħ 

 

P/ρ + v2/2g + z = c 

 

ṁ = ρAv 

 


