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Answer any six questions. All questions carry equal marks. 

1. Explain momentum thickness. Derive the Karman's momentum integral equation f{lr 
a laminar boundary layer. Hence. show that the viscous drag force acting on a t1at 
plate aerofoil at zero angle of attack is a function of the trailing edge momentum 
thickness. 
What is 'boundary layer flow separation'? Why does it occur? Where is it expected to 
occur, if at all, on a smooth surface and on a surface with salient edge? 

2. The velocity profile within the laminar boundary layer over a flat plate at zero 

incidence can be approximated by _!!___ = ~ Y _ _!_(y)
3

• Find the momentum thickness 
Ue 2 0 2 0 

and skin friction at any point on the plate in terms ofthe local Reynolds number. Also 
find the overall skin friction coefficient for one surface of the plate. 

3. Assume that the velocity distribution in the turbulent boundary layer can be 

approximated by a power law of the form .!!:___= C1 (yur )·y,;. If C
1 

= 10.56 for n = 
ur v 

9, find the local and overall skin friction coefficient for the plate. Using the given 
velocity profile find the thickness of the turbulent boundary layer at the trailing edge 

of a plate of chord 25 em. The Reynolds number of the flat plate is 106
• Calculate the 

thickness of the laminar sub-layer at the trailing edge of the plate if at the edge of the 

laminar sub-layer yur =7.8. 
v 

4. The Reynolds number of a flat plate flow at zero incidence is 5 x 106
. Transition on 

each surface occurs at 0.4c. The velocity distribution in the laminar part of the 

boundary layer is given by .!!:___=sin(Jr Y), and in the turbulent part it may be taken 
u. 2 0 

to fit a power law of index h with the constantC1 = 8.74. Estimate the drag 

coefficient of the plate taking both surfaces into account. 

5. Using Thwaites' formula for the momentum thic\Qless and the associated analysis 
show that ue must increase linearly with x over a range of x if over that range the 

Turn Over 



boundary layer is to have a constant form of vclocit~ distribution, i.e., .!:!._ = f(Y), 
ue 8 

and a constant tfiickoess. Show that then the parameter m = - 0.075 . Hence deduce 

the corresponding value of H giyen that Cr Re0 = 0.5 and Re0 = u.%. 

6. Briefly describe the nature of eddy distribution in a turbulent boundary layer. What is 
meant by 'intermittency' of turbulence? Where is it observed? Explain the eddy 
viscosity concept. How is it different from molecular viscosity? Using Prandtl's 
momentum transport theory, find an expression for the eddy viscosity coefficient. 
Also find the boundary layer velocity profile. 

7. A cylindrical shell with inner and outer radii b and c is free to rotate and is situated 
between two concentric cylinders of the same length and of radii a and d (a<b<c<d). 
The spaces between the shell and the cylinders are filled with liquid of viscosity f.l· If 
the angular velocities of the inner and outer cylinders are (J}a and (J}d, find the angular 
velocity of the shell. Assume two-dimensional steady motion? What are the forces 
acting on the fluid system? 
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