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Q1.  
Consider an incompressible, steady, and viscous air flow between two long and wide parallel plates as 
shown in Figure Q1. The upper plate is moving in the positive x-direction while the bottom plate moves 
in the opposite direction. By assuming the flow is in x-direction only, the pressure gradient is 
insignificant, and the effect of gravity is neglected, derive an expression for fluid velocity 𝑢(𝑦). The 
Navier Stokes equation in the x-direction is given by: 
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 Figure Q1 
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Q2.  
Determine the velocity potential, 𝜙 from the stream function, 𝜓  as in Eq. Q2 given the flow is non-
viscous, two-dimensional, incompressible fluid. 
 

𝜓 = 3 + 2𝑥 − 2𝑦 + 𝑥𝑦   (Eq. Q2) 
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Q3.  
a) Briefly explain on vortex flow. Give one example of vortex flow in real life phenomena or 

engineering application. State whether the vortex flow is rotational or irrotational vortex. 
b) The flow field associated with a rotating cylinder is shown as in Figure Q3: 

 
Figure Q3 

 
i) Define the rotating cylinder stream function, determine the doublet strength, 𝜇  and 

derive the radial and tangential velocity components equations. 
ii) Derive the circulation, Γ  equation in the function of uniform flow, 𝑈  and cylinder radius, 

𝑟$   for one stagnation point exists on the cylinder surface. Sketch the flow field and show 
the stagnation point location. 

iii) By aid of a diagram showing the points’ location, derive the pressure on the cylinder 
surface, 𝑝$   equation as: 
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iv) Will the rotating cylinder as Q3(ii) experience a lift or downward force. Briefly explain 

your answer and state the relevant equation. 
 

 
 
 

Q4.  
a) Explain why is it necessary to control the growth of boundary layer on most of bodies and 

suggest a method in controlling the boundary layer growth. 
b) Velocity profile in laminar boundary layer over a flat plate is assumed as 
 

𝑢 = 𝐴 sin(𝐵𝑦) 
 

where A and B are constants,
 i) determine the velocity profile by applying the appropriate boundary conditions. 

ii) derive the boundary layer thickness, 𝛿, and skin friction coefficient, 𝐶&, in term of Reynold 
number. 
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c) A flat plate 2.0 m long and 1.5 m wide is towed in water (density, 𝜌= 1000 kg/m3 and kinematic 

viscosity, 𝜈 = 2 × 10-5 m2/s) in the direction of its length at a speed 15 cm/s. By using formula in 
Question 4(b) ii), at the trailing edge, determine 
i) boundary layer thickness   [𝛿 = 0.0784 m] 
ii) drag force on both sides of the flat plate   [FD = 0.7222 N] 

 



Q5.  
a) List two (2) applications that require knowledge of compressible fluid flow theory in the design 

and operation of devices commonly encountered in engineering practice. 
b) Given the isentropic relations in terms of flow properties ratio as follows: 
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By using continuity equation, show that the ratio of exit area (𝐴") to any section in the nozzle 
(𝐴#) for the reversible adiabatic one-dimensional flow of a perfect gas in a convergent-divergent 
nozzle is according to the following correlation: 
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c) The exhaust gases from a rocket engine can be assumed to be one-dimensional isentropic and 
to behave as a perfect gas with a specific heat ratio, 𝑘 = 𝛾 of 1.25. These gases with gas 
constant, 𝑅 , of 593.85 J/kg.K are accelerated through a convergent-divergent (CD) nozzle. The 
mass flow rate through the CD nozzle is 554.23 kg/s. At some point in the CD nozzle where the 
cross-sectional area of the nozzle is 0.7 m2, the pressure is 2000 kPa absolute, the temperature 
is 500°C and the velocity is 181.72 m/s.  
By using isentropic table, find: 
 
i) the stagnation pressure (𝑝,), stagnation temperature (𝑇,) and stagnation density (𝜌,) 

[𝑝, = 207.04 kPa, 𝑇, = 778.57 K, 𝜌, = 4.49 kg/m3] 
 

ii) the area at the throat (𝐴∗). 
[A* = 0.2763 m3] 

 
If the pressure at some other point in the nozzle is 100 kPa absolute, find the temperature, 
velocity, and area at this point in the flow. 

[T2 = 424.97 K, V2 = 1450.43 m/s, A2 = 1.736 m2] 
 
 
 

Q6.  
Two different boundary layer regions will be developed, namely laminar and turbulent, when the flow 
across any external surfaces. Both flows are highly associated with the drag force on the surface. 
Calculating the force can be a tedious process when considering both regions. If the flow over a 7-m-
long 6-m-wide flat plate surface is 5 m/s at 30°C of atmospheric air, 
a) Determine whether the boundary layer is laminar or turbulent. 
b) Starting from the Blasius equation, derive the expression for boundary layer thickness, and the 

local skin friction coefficient for the one-seventh power law. Blasius equation is given by: 

𝜏, = 0.023𝜌𝑈" ^
𝜈
𝑈𝛿
_
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c) Based on your answer in Q6(b), determine the maximum boundary-layer thickness and the drag 

force on one side of the flat surface. 
[𝛿 = 0.143 m, FD = 2.423 N] 



Q7.  
a) Briefly explain the formation of the shock wave in compressible flow and its properties across 

normal shock wave in terms of pressure and temperature. 
b) A bullet released from an AK-47 rifle travels at a speed of 460 m/s causing a normal shock wave 

and passes through stagnation air at a pressure of 100 kPa and temperature of 15°C. By using 
the normal shock wave table provided in Appendix, determine: 
i) Mach number before the shock wave [M1 = 1.35] 
ii) Mach number after the shock wave  [M2 = 0.7618] 
iii) pressure after the shock wave  [P2 = 195.95 kPa (abs)] 
iv) temperature after the shock wave  [T2 = 352.08 K] 
v) velocity after the shock wave  [V2 = 286.53 m/s] 
vi) density after the shock wave  [𝜌" = 1.939 kg/m3] 

c) Is it possible for the normal shock wave to occur in a subsonic flow? Justify your answer. 
 
 
 
Q8.  
a) State two (2) differences between a centrifugal pump and an axial pump. 
b) The impeller of a centrifugal pump is powered by a single cylinder internal combustion engine 

at 2000 rpm. This impeller is designed in such a way that its inlet diameter and width is 45 mm 
and 15 mm, respectively. This pump is also equipped with a device that straightens the flow at 
inlet to ensure that the flow enters perpendicular to the impeller leading edge. At exit, the width 
and diameter of this impeller is 5 mm and 65 mm, respectively. If the relative flow angle at inlet 
and exit is 40° and 30°, respectively, determine 
i) the flow rate that this pump could deliver  [Q = 8.37×10-3 m3/s] 
ii) the required power to operate this pump  [Power = 989 W] 
iii) the actual head across this pump if this pump is rated at 85% efficiency 

 [Hp = 10.24 m] 
 
 

Q9.  
a) Show that the maximum power of a Pelton wheel can be achieved when the bucket speed,  

is half the jet velocity, 𝑉#. Take the power delivered to the Pelton wheel by the jet as 
 

𝑃 = 𝜌𝑄𝑢(𝑉# − 𝑢)[1 − cos(𝛽")] 
 

where 𝜌 is fluid density, 𝑄is volumetric flowrate and 𝛽" is bucket deflection angle. 
b) A Pelton wheel with two nozzles produces 1MW of output power under an available head of 

200 m and rotates at 400 rpm. The turbine efficiency is 75% and the water jet diameter is 80 
mm. 
i) Sketch velocity diagram for one of the wheel’s jet. 
ii) Calculate the turbine flow rate  [Q = 0.68 m3/s] 
iii) Determine the wheel radius for maximum power  [R = 0.81 m] 
iv) Determine the pressure at the nozzle base if the diameter of the nozzle base  

is 0.12 m  [P2 = 1.51 MPa] 
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Appendix 
 

Formula 

 

 

     

    

     

     

 
 
Formula Q4-Q5 
 
Von Karman momentum integral equation 

 
 
Momentum thickness equation 
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Isentropic Flow Table for γ = 1.25 

 



 
  



 



 



 



 


