
CD.1 Unsteady Convection-Diffusion

 

Energy transport with boundary convection, n = 1  
 

 
 
 
 

 
 
 
Galerkin weak statement process  
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CD.2 Unsteady GWSh ODE System Utilization

 

GWS
h
 has produced an ODE system 

 
 
 
 
Time Taylor series  
 
 
  
 
 

Substituting GWS
h
 into θTS  
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CD.3 GWSh + θTS Template, n = 1
 

 
 

 Summary: GWSh  + θTS for heat conduction 
 
  
 
  
 
 
  
 
 
 
 
Template pseudo-code:  
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CD.4 Error Estimates, n = 1 Unsteady GWSh + θTS

 
 
 
   

F o r  a n y  s o lu t i o n  q h ( x ,  t )  f o r  u n s t e a d y  L ( q )   
 

                  e h ( x ,  t )  ≡  q ( x ,  t )  -  q h ( x ,  t )  
 
A s y m p t o t i c  e r r o r  e s t im a t e s  a r e  f  ( κ ,  { N k } ,  θ ,  d a t a )  
 
  
  
 
 
 
 
 
 
 U n s t e a d y  c o n d u c t i o n   ( κ  >  0 )     U n s t e a d y  c o n v e c t i o n   ( κ  =  0 )    
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CD.5 Finned Cylinder, Data Smoothness
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Error estimate: 

Energy norm convergence data, k = 1 
Mesh M ||T||E slope 

h 8 2.36494E+03  
h/2 16 2.42266E+03  
h/4 32 2.45369E+03 0.89486 
h/8 64 2.46981E+03 0.94566 

h/16 128 2.47802E+03 0.97236 

Energy norm convergence, [HBC] on all elements
Mesh M ||T||E  slope 

h 8 2.28175700E+03   
h/2 16 2.28230949E+03  
h/4 32 2.28244772E+03 1.99890 
h/8 64 2.28248228E+03 1.99972 

h/16 128 2.28249092E+03 1.99993 
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CD.6 Peclet Problem, Dispersion Error
 

 

 

 
L   ( Θ ) =  d Θ 

d x 
   -    1 

Pe 
 d 2 Θ
d x 2 
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Θ  (x) =   1 - exp  x  Pe 

1 - exp  Pe  

  

  

 So lut ion  graph

Pe = 0.1

Pe = 1.0
Pe = 10

Pe = 100 

1.0

0.0

0.0 1.0

0.5

0.5

BCs:    Θ(0) = 0,    Θ(1) = 1 

uniform Ωh, M = 10, k = 1 uniform Ωh, M = 10, k = 2  non-uniform Ωh, M = 20, k  = 1, 2

x

Θ

GWSh solutions, Pe = 102

Problem statement 

Analytical solution 

DE: 
 



CD.7 Mass Transport, Dispersion, Diffusion

  
 

  
 
  
 
 
 
 
  
 
 
  
 

 

 q  ( x  ,  t ) =   q  0  
  exp i x  -  ut 

 
 

 

  
 M = 2 0 ,  C = 0 . 5 = θ  

S o l u t i o n  g r a p h
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Analytical (characteristic) solution
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L    ( q  ) =   ∂  q  

∂  t 
   +    u  ∂  q  

∂  x  
  =    0  D M : 

BC: q(x  = 0, t) = 0 

q  ( x  ,   t  =   t 0 ) =  q  0 
  x  

M = 6 0 ,  C = 0 . 5 = θ M = 6 0 ,  C = 1 . 0 = θ
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CD.8 Unsteady Conduction, Computer Lab #2

 
 
  
 
 

 

 
 
 

 

 

 
                                                                 

S o l u t i o n - a d a p t i v e  m e s h i n g  ⇒ a c c u r a t e  G W S h  +  θ T S  s o l u t i o n
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CD.9 GWSh - FVSh Algorithm Comparison

 
GWSh  + θTS aPSE  Newton template,  L (T)  in polar coordinates  
 

 

 

    

 
 
 
Sole modification for FVSh  + θTS algorithm (Ch.3.7)    
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