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RESULTS FOR DIFFERENT VALUES OF VISCOSITY 

For this comparison default values of the code are taken while changing the values of diffusion 

coefficient.  For spatial discretization Galerkin method has been chosen for it's simplicity. The Courant 

number is kept constant for this observation. 

Crank Nicolson + Galerkin 

   

             DC=0.0033,P=1.5                         DC=0.00067,P=7.5                     DC=0.000033, P=151.5        

                           

    Here we find that with increasing Peclet number the amplitude of the solution at the end of 

simulation rises. However, we find that there is noticeable oscillations for Pe=151.5 which is to be 

expected as in this case of a convection dominated problem, a higher value of Pe will result in 

instabilities. Since we know viscosity is inversely proportional to diffusion, the plots agree with the 

theory. Increasing viscosity will lead to less diffusivity and will result in less drop in amplitude. 

    As the Peclet number decreases, diffusion becomes prominent and we see a drop in the amplitude 

which is in accordance with the theory. The same behavior can be observed for the other methods as 

well- 

R22 + Galerkin 

 

             DC=0.0033,P=1.5                                                      DC=0.000033,P=151.5                      

 



R33 + Galerkin 

 

             DC=0.0033,P=1.5                                                      DC=0.000033,P=151.5                      

 

     As was the case with Crank Nicolson we find higher amplitudes with lower diffusivity. It can also be 

seen from the plots that unlike Crank-Nicolson there are no oscillations for R22 and R33 methods for 

high Peclet number which can be attributed to their higher order of accuracy. 

    Similar profiles are obtained for other spatial discretizations as well. 

 

 

ADAMS- BASHFORTH METHOD 

     The code is implemented in the initial 1-D pure convection code given in earlier lectures. The entire 

code was modified to include diffusion term and the initial conditions prescribed in the problem.  

Galerkin space discretization technique was adopted in the following way- 

 

Since the method contains u(n-1) the method is not self initializing. So, we implement forward euler 

method to initialize Adams Bashforth for n=1 



 

The following code was implemented in system.m 

 

 

 

 

 

 



And the following changes were made to main.m 

 

Results 

  
      DC=0.0033,P=1.5                                                        DC=0.000033,P=151.5               

 

    We find that for the same values of C (=1) and Pe (=1.5 and 151.5) the method shows extreme 

inconsistency with the exact solution. Compared to the R22, which is extremely stable this method fails 

heavily. However, it should be noted that R22 is a 2-step fourth order method and so has a much higher 

order accuracy than Adams Bashforth.  

     Since Adams Bashforth is an explicit method it is expected to work for lower values of Courant 

number which is validated by the following code result for C=0.1 with Pe= 1.5 and 151.5 for which the 

code previously failed. 

 



  
                                DC=0.0033,P=1.5                                                        DC=0.000033,P=151.5               

 

 

TIME DISCONTINUOUS GALERKIN FORMULATION 

 

 
 

 

 
 

 



 

 

 



 

 

 


