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    Max Marks: 80
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1.a)
Justify the statement that computational Fluid Dynamics is also termed as Numerical Experiments.  Explain with two examples.  List the accruing advantages.

b)
What has been the impact of CFD on the problems of interior aerodynamics of a centrally heated building?

2.
What is understood by the term substantive derivative in fluid mechanics.  Explain its significance in fluid flow problems.  Hence write Navier-Stokes equations in non-conservation form and explain each term.  What if the shear strains are zero in the flow field?

3.

Consider a parabolic p.d.e 
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Apply finite difference approximation for its solution, by an explicit method.  Analyse the stability and consistency of the method.

4.
The function 
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satisfies the equation 
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=0, 0< x< (, t>0: with boundary conditions as 
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(0,t)=2t, t>0.  The initial conditions are          
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Calculate the analytical solution and set up a numerical scheme using Lax-wenderoff equation.

5.
How is grid generation superior to finite difference techniques in solving a partial differential equation 

Consider a p.d.e 
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Explain the requirements and one method of grid generation to solve this equation

6.
Explain a procedure in brief to obtain CFD solution to nozzle flow problems by Mac Cormrack’s method.

7.
Make use of Green’s identity to develop a source based numerical method for evaluating pressure and velocity distribution and hence lift distribution over an airfoil.

8.
Write notes on:


a)
Successive over relaxation technique


b)
Shock Capturing.
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1.a)
Is it possible to replace the wind tunnel all-together and replace it with Numerical experiments using CFD techniques.  Comment with explicit Explation.

   b)
What has been the impact of CFD techniques on the automotive industry for shaping and designing road vehicles?  Illustrate with examples.

2.a)
Explain the balance of momentum in a particle of fluid in motion when it is affected by the shear strains and gets deformed. Hence define the term substantive derivative.

   b)
Write Naviu-Stokes equation in string conservation from, suitable for adoption in CFD solutions by a digital technique. 

3.
Consider a p.d.e. of the type
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Set up a finite difference approximation using an explicit method. Evaluate the truncation error.

 4.
The viscous flow of air over a flat plete is expressed at a station (stream wise) as ( = 50(1-e-Y/L), where L is the characteristic length of 1cm.                           ( = 1.783 (10-5kg/m-s be taken for calculating 
[image: image11.wmf]w
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shear stress at the wall.


Evaluate shear stress at the wall by


a)
Using a first order one sided difference


b)Using a second order one sided difference


c)
Using a third order one sided difference.


Finally compare there values with exact solution of CW.

5.
The trapezoidal region shown below is to be mapped in to a rectangular region by the following equation:


Present your solution
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6.
Explain a numerical technique to obtain solution to nozzle flow problem.

7.
Make use of a constant source panel method to obtain pressure distribution over a circular cylinder. Take only 8 panels and explain the numerical method of solving set of equations thus obtained.

8.
Write notes on:


a)
Transonic small perturbation method 


b)
Shock fitting technique.
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1.a)
Compare the computational techniques for numerical experiments with wind tunnel results for similar problems. Is it possible to eliminate the wind tunnel? Comment.

   b)
Describe some of the applications of CFD in environmental engineering, automobile and engine industry.

2.
Write Navier-stokes equation in


a)
Vector form


b)
Tensorial notations


c)
Conservation form


Explain each term and its significance.


Complete each set with that for the conservation of mass and energy.

3.
Consider a p.d.e of the type.
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Set up a finite difference approximation using a fully implicit method, Comment on the stability and error analysis.

4.
The viscous flow of air over a flat plate is expressed at a stream wise station as 


u =75(1-e-Y/L), where L is a characteristic length of 1cm. 

Take ( = 1.783(10-5kg/m-5 and evaluate the shear stress (v at the wall by

(
Using a first order one sided difference

(
Using the second order one sided difference 


(
Using the third order one sided difference


Compare the results obtained with the exact solution.

5.
The trapezoidal region shown below is to be mapped in to a rectangular mesh by the following equation. Obtain the grid and present your solution
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6.
Consider viscous flow over a flat plate, with sharp gradients of velocity near the surface. Set up an appropriate grid such that the grid in computational plane is stretched uniformly. Provide all considerations for your steps.

7.
Make use of a constant source panel method to obtain pressure and velocity variation on a rectangular wing. Complete all steps, starting from data-input. Take 5-spanwise panels and chord wise panels as per the upper and lower surface output data. Outline the procedure.

8.
Write notes on


a)
Transonic small perturbation equations.


b)
Line relaxation techniques in CFD.
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1.a)
Justify the statement that computational fluid dynamic techniques must be used as supporting and associating solutions to actual problems for which results are obtained from wind tunnel tests.

   b)
Illustrate the effects of C.F.D. solutions on the environmental improvement in a centrally heated building.

2.
Explain the term substantive derivative in fluid dynamics.  Consider motion  of fluid in ideal and real cases. Explain the balance of momentum and cast the equations in strong conservation form. Present your work out.

3.
Consider a parabolic p.d.e 
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Apply finite difference approximation for its solution by a semi-implicit method.  Analyze the stability and consistency of the method.

4.
The function 
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 satisfies the equation  
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 , 0< x< (, t>0;with B.C. as U (0,t)=2t,t>0. The initial conditions are
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Calculate the analytical solution and set-up a numerical scheme with Lax-Wendroff equations.

5.
Explain why grid generation is superior to finite difference technique in solving a partial differential equation consider a p.d.e 
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Explain the requirements and one method of grid generation to solve this equation.

6.
Describe MacCormack’s method for subsonic-supersonic nozzle flow.

7.
Describe a vortex based Panel method to estimate pressure and velocity distribution over a lifting wing in constant density flows. Setup the techniques and provide illustrative sketches/plots.

8.
Describe Mc Cormack’s method for shock capturing problems faced in gas dynamics.
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