
MECHANICS OF FLUID II 
ASSIGNMENT 1 

SUBMISSION DATE: NO LATER THAN 27 JUNE 2024 
GOOGLE FORM LINK WILL BE ANNOUNCED IN THE GROUP 

Q1.  
A two-dimensional flow is generated between a fixed and moving vertical plate. The left plate is fixed, 
and the right plate moves with a velocity 𝑈. The distance between the plate is 𝛿. The flow is steady 
and fully developed, that is no change in x-direction. The fluid is incompressible, and the pressure is 
constant. Use the Navier-Stokes equations to find the velocity distribution between the plate. 
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Q2.  
a) State the difference between rotational and irrotational flow. 
b) If a stream function is given by the expression 𝜓 = 2𝑥! − 𝑦"  , prove that the flow is rotational 

or irrotational. At point  P(3, 1), determine the velocity components 𝑢 and 𝑣. 
[u = -6 m/s , v = -12 m/s] 

 
 
 
 
Q3.  
a) Prove that the circulation Γ can be written as Γ = 2𝜋𝜔𝑟!  , where 𝜔  is an angular velocity  

and 𝑟  is radius. 
b) A circulation of 1.0 m2/s is superimposed on uniform flow about a cylinder having 1 m diameter. 

The velocity of the uniform water stream is 5 m/s. Determine: 
i) the location of the stagnation points  [S(0.5, 1.824°] 
ii) lift force per unit length of cylinder  [5000 N/m] 
iii) maximum pressure  [max = -40.768 kPa] 
iv) minimum pressure  [min = 12.5 kPa] 
v) sketch the stream lines. 

 
 

 
Q4.  
a) If velocity distribution within the laminar boundary layer on a flat plate is assumed to  
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Determine: 
i) the boundary layer thickness 𝛿  in terms of Reynolds number, and 
ii) the skin friction coefficient 𝐶#  in terms of Reynolds number. 

b) A smooth flat plate 2 m × 2 m is exposed to a wind velocity of 100 km/hr. If laminar boundary 
layer exists up to a value of Recritical = 5 × 105, determine: 
i) the maximum distance from the leading edge up to which laminar boundary layer exists, 
ii) the total drag force. 

 
Take density of air is 1.164 kg/m3 and kinematic viscosity is 1.6 × 10-5 m2/s. 
  



Q5.  
a) Explain briefly the importance of Mach number. 
b) Determine the Mach number when an aeroplane is flying at 800 km/hr through still air having 

pressure of 90 kPa and temperature 25°C.Take k = 1.4 and R = 287 J/kgK. At the stagnation point 
of the plane, i.e., at the nose of the plane, calculate: 
i) pressure, 
ii) temperature, and 
iii) density. 

 
 
 

Q6.  
a) Explain on the importance of boundary layer theory. List two (2) solutions in reducing the 

boundary layer effect in an engineering application. 
b) Power law velocity profile of a turbulent and incompressible flow with zero pressure gradient is 

approximated as 
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Derive the boundary layer thickness,  𝛿  and the skin friction coefficient, 𝐶# expression in the 
function of Reynolds number. Use the empirical relation for the shear stress of 
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where 
𝑢 =local velocity 
𝑈 =free stream velocity 
𝑦 =vertical distance 
𝛿 =boundary layer thickness 
𝜌 =density of fluid 
𝜐 =kinematic viscosity of fluid 

 
c) An airplane wing of 2 m chord length and 11 m span flies at 800 km/hr in air at 30°C (𝜌 =1.17 

kg/m3, 𝜇 =1.86 × 10-5 N.s/m2 ). Assume that the resistance of the wing surfaces is a flat plate. 
Determine: 
i) the total drag force on the wing  [2.95 kN] 
ii) the power required to overcome the drag  [655.55 kW] 

 
  



 
Q7.  
a) Which two (2) of the following statements are true? 

i) Shock wave only occurs in supersonic flow. 
ii) The Mach number downstream of a normal shock wave can be supersonic. 
iii) The static pressure increases across a normal shock wave. 

b) A normal shock wave exits in a Mach 2 stream of air having a static temperature and pressure 
of 280 K and 200 kPa. By using Table Q7, at downstream of the shock wave, determine: 
i) the Mach number  [M2 = 0.5774] 
ii) the pressure  [P2 = 900 kPa] 
iii) the temperature  [T2 = 472.5 K] 

c) State the shape of the nose of a supersonic jet and justify your answer. 
 
 
Q8. A centrifugal pump spins at 700 rpm and its relative outlet velocity, 𝑣(!  is 5 m/s. Given that the 

dimension of the pump as shown in Table Q8. 
 

Table Q8 
Parameter Symbol Value 

Inlet blade width  40 mm 
Outlet blade width  20 mm 

Inlet radius  30 mm 
Outlet radius  100 mm 

Angle of absolute velocity at inlet  40° 
Impeller blade angle at inlet  50° 

Impeller blade angle at outlet  35° 
relative velocity of fluid at outle  5 m/s 

 
a) Draw the velocity triangles for both the inlet and outlet sections, and ensure they are labelled 

correctly. 
b) Calculate the volume flow rate  [Q = 0.036 m3/s] 
c) Calculate the theoretical pump head by using Eq. Q8. [Ht = 2.42 m] 
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d) Calculate the absolute inlet velocity, 𝑉$   [V1 = 7.42 m/s] 
e) Calculate the pressure rise  [ΔP = 41.94 kPa] 

 
 

Q9.  
a) State two (2) main differences between the reaction turbine and the impulse turbine. 
b) A Pelton wheel is developed to generate a power of 5.5 MW under the head of 150 m at a speed 

of 180 rpm. Given that the maximum efficiency of the turbine is 85%, the velocity coefficient 
and the speed factor are 0.95 and 0.42, respectively. 
i) Sketch the velocity diagram for the wheel’s jet, and label all the velocity components 
ii) Calculate the required flow rate  [Q = 4.4 m3/s] 

c) Refer to Q9(b), if the engineer designed the wheel diameter to be 10 times bigger than the jet 
diameter, determine: 
i) the wheel diameter   [Dw = 2.42 m] 
ii) the diameter of each jet   [Djet = 0.242 m] 
iii) the number of jets required   [2 jets required] 
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Appendix 

 
Von Karman integral equation 

 
 
Momentum thickness 

 
 
Isentropic Flow and Normal Shock Wave 

 

 

 

 

 

 
 
Turbomachinery 

 
 
  

( )dyuUu
dx
d

-= ¥ò
d
rt

00

dy
U
u

U
u

÷÷
ø

ö
çç
è

æ
-=

¥¥
ò 1
0

d
q

20

2
11 Mk

P
T -

+=

( )120

2
11

-
÷
ø
ö

ç
è
æ -
+=

k
k

Mk
P
P

( )1
1

20

2
11

-
÷
ø
ö

ç
è
æ -
+=

k
Mk

r
r

( )
1

1
2

1
2

2
1

2
1

2
2

-
-

-
+

=
M

k
k

k
M

M

1
1

1
2 2

1
1

2

+
-

-
+

=
k
kM

k
k

P
P

( )

( )

1

2
3

2
2

2

3

1
2
11

1
2
11

-

ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

-+

-+
=

k
k

Mk

Mk

P
P

gQHPower r=



Table Q7 

 


