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QUESTION 1 

a) Define the following terms: 

i. Fluid                 [1] 

ii. Streamline                [1] 

iii. Pathline                 [1] 

b) Distinguish between the Lagrangian and Eulerian approaches to flow 

phenomena.                 [2]  

c) A steady, incompressible, two-dimensional velocity field is given by the 

following components in the x-y plane: 

v = (1.85 + 2.33𝑥 + 0.656𝑦)𝒊 + (0.754 − 2.18𝑥 − 2.33𝑦)𝒋 

Calculate the acceleration field at a point where x = -1 and y = 2 m (find 

acceleration components ax and ay.            [12] 

d) By performing a mass balance on a volume element (Δx)(Δy)(Δz), show that 

for a fluid of constant density, the equation of continuity reduces to: 

𝜕𝑣𝑥

𝜕𝑥
+

𝜕𝑣𝑦

𝜕𝑦
+

𝜕𝑣𝑧

𝜕𝑧
= 0  or  ∇ ∙ v = 0            [8] 

 

QUESTION 2 

An incompressible Newtonian fluid flows steadily in a narrow gap between two 

very long, wide, parallel plates. The gap between the plates is h. The top plate 

moves at speed U in the x-direction whilst the bottom plate is stationary. Gravity 

acts in the negative z-direction (into the page). A constant negative pressure 

gradient applied in the x-direction necessitates the flow of the fluid.  

a) State any assumptions that simplify the problem.          [4] 
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b) Using the Continuity equation and Navier-Stokes equation, show that: 

− (−
𝜕𝑃

𝜕𝑥
) + 𝜇

𝜕2𝑣𝑥

𝜕𝑦2
= 0             [12] 

c) By applying suitable boundary conditions, determine the velocity profile of the 

flow.                 [9] 

 

QUESTION 3 

a) Under what conditions does Navier-Stokes equation reduce to: 

i. hydrostatic pressure equation?             [2]  

ii. Bernoulli’s equation?                  [4] 

b) By applying the conditions stated in part a) i. on all components of the Navier-

Stokes equation, show that when gravity is acting in the positive z-direction 

(downwards), the pressure difference between points 1 and 2 (point 2 is below 

point 1) is given by: 

𝑃2 − 𝑃1 = 𝜌𝑔(𝑧2 − 𝑧1)             [12] 

c) A 3 m high large tank is initially filled with water. The tank water surface is 

open to the atmosphere, and a sharp-edged 10 cm diameter orifice at the bottom 

drains to the atmosphere through a horizontal 80 m long pipe. This is shown in 

Figure 1. 
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Figure 1 

If the total irreversible head loss of the system is determined to be 1.5 m, 

determine the initial velocity of water from the tank.              [7] 

QUESTION 4 

a) State two conditions that result in the existence of a stream function.         [2] 

b) For a certain incompressible flow field, the velocity is given by: 

v = (𝑥2 − 𝑦2)𝒊 − 2𝑥𝑦𝒋 

Determine the following: 

i. Whether the continuity equation is satisfied.          [5] 

ii. The stream function               [9] 

iii. The velocity potential              [9] 

 

QUESTION 5 

a) Define the term boundary layer.                [1] 

b) With the aid of a diagram, describe the boundary layer phenomena when a 

fluid with uniform velocity flows past a thin flat plate.       [10] 

c) Air at 27 ℃ flows at a velocity of 5 m/s over a smooth flat plate of length 

15.2 m. 

i. Calculate the distance from the leading edge when the flow transitions 
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from laminar to turbulent.              [4] 

ii. Determine the boundary layer thickness at a point that is 1.5 m from the 

leading edge.                [4] 

iii. If it is water at the same temperature and flowing at the same velocity, 

determine the boundary layer thickness at a point that is 1.5 m from the 

leading edge.                [6] 

Note: Use 𝑅𝑒𝑥,𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 = 3 × 106 

The physical properties of air and water are attached in the question 

paper. 

 

END OF EXAMINATION 

FORMULAE SHEET 

Navier-Stokes equations 

x-component: −
𝜕𝑃

𝜕𝑥
+ 𝜇 (

𝜕2v𝑥

𝜕𝑥2
+

𝜕2v𝑥

𝜕𝑦2
+

𝜕2v𝑥

𝜕𝑧2 ) + 𝜌𝑔𝑥 = 𝜌
𝐷v𝑥

𝐷𝑡
 

y component: −
𝜕𝑃

𝜕𝑦
+ 𝜇 (

𝜕2v𝑦

𝜕𝑥2
+

𝜕2v𝑦

𝜕𝑦2
+

𝜕2v𝑦

𝜕𝑧2 ) + 𝜌𝑔𝑦 = 𝜌
𝐷v𝑦

𝐷𝑡
 

z-component: −
𝜕𝑃

𝜕𝑧
+ 𝜇 (

𝜕2v𝑧

𝜕𝑥2
+

𝜕2v𝑧

𝜕𝑦2
+

𝜕2v𝑧

𝜕𝑧2 ) + 𝜌𝑔𝑧 = 𝜌
𝐷v𝑧

𝐷𝑡
 

 

Substantial derivative: 
𝐷( )

𝐷𝑡
=

𝜕( )

𝜕𝑡
+ v𝑥

𝜕( )

𝜕𝑥
+ v𝑦

𝜕( )

𝜕𝑦
+ v𝑧

𝜕( )

𝜕𝑧
 

 

Boundary layer thickness equations 

Laminar flow: 
𝛿

𝑥
=  

4.91

√𝑅𝑒𝑥
 

Turbulent flow: 
𝛿

𝑥
=  

0.38

(𝑅𝑒𝑥)
1
5

 

 

Physical properties of air 
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Physical properties of water 

 


