UNIVERSITY OF PERADENIYA

Faculty of Engineering

END OF SEMESTER EXAMINATION – June 2012
CP502 ADVANCED FLUID MECHANICS 

(2 hours)

Answer all three (03) questions

Simplifying assumptions used in developing solutions should be stated. In case of any uncertainty about the meaning of the question, the assumed meaning should be clearly stated.

This is an open-book examination and therefore you are free to refer to any material with the exception of using the internet connection.

1)
(a)
Is it possible to accelerate a compressible gas from subsonic velocity to supersonic velocity in a converging duct. Explain your answer briefly. You may use appropriate equations from the literature if necessary.


 
      
 [10 marks]

(b)
Products of combustion (R = 294 J/kg.K; γ = 1.34) enter the nozzle at the design conditions of 400 kPa, 1000 K and 200 m/s, and they exit at a pressure of 160 kPa at a rate of 3 kg/s. Assume isentropic flow. Workout the following using appropriate equations from the literature stating the assumptions made in the derivation of those equations (without providing the derivations of the equations used):
i) 
Determine whether the nozzle is converging or converging-diverging.    











 [10 marks]
ii)
Determine the exit velocity.





 [05 marks]
iii)
Determine the exit area.






 [05 marks]
2) 
(a) 
A “rotating cylinder viscometer” consists of two concentric cylinders of radii Ri and Ro (> Ri). A liquid of viscosity μ fills the narrow space between them to a depth of L. The outer cylinder is held stationary and the inner cylinder is turning at a steady rotational speed of Ω revolutions per unit time. ASSUME that flow parameters only depend on the radial distance r measured from the center of the cylinders. Stating all other assumptions made and neglecting the end effects, starting from the first principles, show how you would drive the following expression for the steady-state torque T acting on length L of the inner cylinder:








[image: image12.png]



           

             [15 marks]

(b)
A “rotating cylinder viscometer” consists of two concentric cylinders, 10.20 cm and 10.60 cm in diameter. An oil fills the narrow space between them to a depth of 18.0 cm. The outer cylinder is held stationary, and a torque of 0.0065 N.m keeps the inner cylinder turning at a steady rotational speed of 57 rev/min. Determine the viscosity of the oil (in Pa.s). You may ignore any end effects.

                         [10 marks]
Please turn over

3)
Consider steady incompressible flow between two concentric cylinders as shown in Figure Q3, with radii a and b, respectively. Liquid of constant kinematic viscosity 
[image: image2.wmf]n

 fills the gap between cylinders. The inner cylinder (radius a) rotates at a constant angular rate (V/a) and the outer cylinder (radius b) is fixed in space. Liquid seeps through the inner cylinder radially at a constant velocity U, and liquid also seeps radially through the outer cylinder. ASSUME that flow parameters only depend on the radial distance r measured from the center of the cylinders.
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(a) 
Starting from the continuity equation (given below), show that the radial velocity component in the entire gap region is given by 
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 [10 marks]
(b) 
Using the Navier-Stokes equation (given below), write down the governing equation for 
[image: image4.wmf]q
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, the tangential velocity component in the gap.      


 [10 marks]

(c)
Write down the boundary conditions for 
[image: image5.wmf]q

u

 at r = a and at r = b. 
             [05 marks]

(d) 
Obtain the expression for 
[image: image6.wmf]q
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 by solving the governing equation of part (b) subjected to the boundary conditions of part (c). You may find the following integral useful in doing so: 
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             [20 marks]

Additional help: 

The following 2-D equations may be used:
Continuity equation: 
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Navier-Stokes equation in θ-direction: 
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    === END ===













Figure Q3
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