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Q1  Answer the following questions : (2 x 10) 

 a) For hydrostatic fluid, show that the thermodynamic pressure is equal to 
hydrostatic pressure. 

 

 b) Write two methods to control the boundary layer separation.  
 c) What is basic difference between approximate and similarity solution for 

boundary layer flow of an incompressible fluid over a flat plate? 
 

 d) Define time averaging of a flow quantity in a turbulent flow.  
 e) What do you mean by closure of turbulence?  
 f) Define isotropic turbulence.  
 g) What is volumetric dilation? Write volumetric dilation in terms of linear strain 

rate of a fluid element. 
 

 h) For a two-dimensional incompressible and invicid fluid flow, show that 2  
, where  and  are stream function and vorticity in the flow field. 

 

 i) Write the constitutive relation in a flow field.  

 j) The Newton’s law of viscosity, in general, is expressed as 
u
y

  



 for 

Newtonian fluid. Write the assumptions for this relationship. 

 

    
Q2 a) Derive the differential form of continuity equation for in-compressible fluid in 

Cartesian coordinates. 
(5) 

 b) Assuming second degree velocity distribution, i.e. u/Umax=2(y/δ)-(y/δ)2 in the 
boundary layer, determine using integral momentum equation, the thickness of 
boundary layer friction coefficient, displacement and momentum thickness. 

(5) 

    
Q3  Derive N-S equations in 2-D for compressible fluid. Mention the significance of 

all the terms used in it 
(10) 

    
Q4 a) Use Reynolds decomposition and suitable averaging procedure to derive 

Reynolds average Navier-Stokes system (RANS) of equations for an 
incompressible turbulent flow.  

(5) 

 b) How is turbulent viscosity determined in zero-equation, one-equation models of 
turbulence?  

(5) 
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Q5 a) Consider a two-dimensional flow field defined by (1 2 )u x t   and v y . Find 
the equation for streamline passing through the point (1, 1). 

(5) 

 b) Find the equation for path line passing through the same point. (5) 
    

Q6  Use Prandlt’s mixing length hypothesis 2' ' U Uu v l
y y

   
 

 
, to determine the 

velocity profile in the fully turbulent constant stress layer of inner region of a 
turbulent boundary layer. Assume that the mixing length is given by ,l ky  
where k  is constant.  

(10) 

    
Q7  Find the velocity profile, co-efficient of friction factor and average velocity for a 

fully developed laminar flow in between two parallel plates. State your 
assumptions clearly. 

(10) 

    
Q8  Write short answer on any TWO : (5 x 2) 

 a) Stream and potential functions  
 b) Separation of boundary layer  
 c) Characteristics of turbulent flow  
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