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Q1  Answer the following questions: multiple type or dash fill up type (2 x 10) 

 a) The wave equation is an important _____________________ partial 
differential equation for the description of waves. 
(A) second-order linear (B) first-order linear (C) second-order nonlinear (D) 
First order non linear 
 

 

 b) The conditions relating the solution of the differential equation to data at a 
boundary are called ________________. 
 

 

 c) A volume integral refers to an integral over a _________________ domain. 
(A) 3-dimensional (B) 2-dimensional (C) 1-dimensional (D) none of the above 
 

 

 d) ____________________ is a method of constructing new data points within 
the range of a discrete set of known data points. 
 

 

 e) _______________________ Interpolation is a method of curve fitting using 
linear polynomials.(A) linear (B) quadratic (C) cubical (D) Polynomial 
 

 

 f) The exponential and power law schemes achieve the ___________ of the 
upwind method and also have better formal accuracy. 
 

 

 g) The Newtonian incompressible viscous fluid flow is based on ____________ 
and _____________formulations of Navier – Stokes Equations. 
 

 

 h) Which of the following is the iterative method to solve system of linear 
equations? 

(a) LU Decomposition, (b) Matrix Inversion, (c) Gauss Method, (d) 
Thomas Algorithm 
 

 

 i) As the mesh or time step decreases the discretization error _____________ 
(a) Decreases, (b) Increases, (c)Remains Same, (d)None of the above 

 

 

 j) The exponential and power law schemes achieve the ___________ of the 
upwind method and also have better formal accuracy. 

 

    
Q2  Answer the following questions: Short answer type (2 x 10) 

 a) What are the mathematical properties of fluid dynamic equation?  
 b) When do you use forward, backward and central difference expressions?  
 c) What are the types of partial differential equation used in CFD?  
 d) Write down the advantage of the structured grids and unstructured grids. 
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 e) Show pictorially the equivalence and flow past a doublet and flow past a 
cylinder. 

 

 f) Difference between implicit and explicit finite difference methods.   
 g) What is shooting method? Mention its application in the solution of flow 

problems. 
 

 h) Explain domain discretization for multi-dimensional problems.  
 i) Distinguish between conservative and non-conservative forms of a fluid flow 

equations.  
 

 j) Write the multi-dimensional Euler equations.  
    

Q3 a) Using the Vortex panel method, calculate the co-efficient of lift for flow past a 
flat plate of length ‘L’ for an angle of attack ‘α’. 
 

(10) 

 b) Derive the general equation for the velocity field generated by a Vortex panel 
of constant strength on an airfoil. 

(5) 

    
Q4 a) Derive the continuity equation for inviscid flow in partial differential non-

conservation form. 
 

(10) 

 b) Write down elliptic, parabolic and hyperbolic partial differential equations as 
applicable to CFD. 

(5) 

    
Q5 a) Derive the differential equation to unsteady 1-D heat conduction equation. 

Also find the accurate solution and precise solution. 
 

(10) 

 b) How do you determine the accuracy of the discretization process? What are 
the uses and difficulties of approximating the derivatives with higher order 
finite difference schemes? How do you overcome these difficulties? 

(5) 

    
Q6 a) What are the theoretical aspects of transonic flows? Explain the transonic 

small disturbance. 
 

(10) 

 b) Explain the non-isentropic potential formulation. (5) 
    

Q7 a) Solve the simplified Sturn-Lioville equation with boundary conditions y(0) = 0 
and ; using Galerkin finite element method. 
 

(10) 

 b) What is strong formulation? Explain with the help of one dimensional 
boundary value problem. 

(5) 

    
Q8 a) The unsteady fluid flow through a porous medium is governed by the 

equation 
 

x y zk k k q
x x y y z z z

   
                           

 

with the boundary condition Φ = Φ0 on S1 and 

( ) 0
x x y y z zk I k I k I q t

x y z
                     

on S2 

 
When Kx, Ky, Kz are coefficients of permeability in x, y, z direction, q is the 
quantity of liquid added per unit time in the specific storage, Φ fluid potential 
lx, ly, lz are direction cosines of the outward normal on surface S2, Φ0 is the 
specified value of Φ on boundary S1 and q(t) is the specified value of velocity 
of fliud normal to S2. Derive the finite element equations of flow using the 
Galerkin approach. 
 
 

(10) 
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 b) Outline the procedure for adaptive stepping with Runge-Kutta scheme. (5) 
    

Q9 a) Derive the forward and central difference approximation to the first derivative 
along with the leading error term. Derive the stability criterion for the explicit 
scheme for one dimensional transient flow. 
 

(10) 

 b) What is cell centred formulation? Explain with the help of using control 

volume, semi discretization equation, . 0U F nds
t


  

   

(5) 
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