
Abstract 

Th is  th e s is  con du cts  a  n u m be r of n u m e rical e xpe rim e n ts  u s in g m assive ly  

paralle l GP U com pu tation s  to  s tu dy a  n e w  con tin u ou s data  ass im ilation   

a lgorith m .  We  te st  th e  a lgorith m  on  tw o -dim e n sion al in com pre ss ible  flu id   

g ive n  by th e  Navie r-Stoke s  e qu ation s .  In  th is  con te xt, obse rvation s  of th e   

Eu le rian  ve loc ity  fie ld  g ive n  at a  fin ite  re solu tion  of n odal poin ts  in  space   

m ay be  u se d  to  re cove r th e  e xact ve loc ity  fie ld  ove r t im e .   We  also  con side r  

n odal m e asu re m e n ts  of th e  vortic ity  fie ld  an d stre am  fu n ction .  Th e  m ain   

d iffe re n ce  be tw e e n  th is  n e w  algorith m  an d pre viou s  con tin u ou s data   

ass im ilation  m e th ods is  th e  in c lu s ion  of a  re laxation  param e te r µ  th at  

con trols  th e  rate  at  w h ich  th e  approxim ate  so lu tion  is  force d tow ard th e   

obse rvation al m e asu re m e n ts .   If µ  is  too  sm all, th e  approxim ate  so lu tion   

obtain e d by data  ass im ilation  m ay n ot con ve rge  to  th e  re fe re n ce  so lu tion ;  

h ow e ve r, if µ   is  too  large  th e n  h igh  fre qu e n cy sp ill -ove r from  th e   

obse rvation s  m ay con tam in ate  th e  approxim ate  so lu tion .   Ou r focu s  is  on   

th e  re solu tion  of th e  n odal poin ts  n e ce ssary for th e  a lgorith m  to  re cove r th e   

e xact ve loc ity  fie ld  an d h ow  be st  to  ch oose  th e  param e te r µ .  
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A Nu m e rical Stu dy of  
Con tin u ou s  Data  Ass im ilation  for  

2D-NS Equ ation s  Usin g Nodal P oin ts  
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Data Assimilation 
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Data Assimilation Algorithm 

 Exact Solu tion : 

 

 

 Approxim atin g  Solu tion : 

 

 

             w h e re               is  an  in te rpolation  of th e     

             obse rvation  of      . 

                 is  a  re laxation  param e te r.  
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Lorenz System 

 Exact Solution: 

 

 

 

 Approximating Solution: 

 

 

 

 

           where                             
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Theorem 

 Let  J , K be bounds such  tha t   

 

 

   and suppose  

 

 

 Then   
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Measuring Speed of Wind & Direction 

Measurement  

– Speed  

– Direction 
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Observation of the Velocity 

 

      •  

      

      • 

    

      • 

  

       • 

 

      • 

 

      • 

 

      • 
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Dimension: 

Boundary: Periodic 

Measure: 

– Velocity 

– Direction 
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2D-NS Equations 

 Exact Solution: 

 

 

 

 Approximating Solution: 

 

 

10 















01

1

U

FPUUU
t

U
















0

))()((

2

2

V

VIUIFPVVV
t

V
hh



Theorem: Azouani, Olson, Titi 

with previous definitions,  

 

 

Then: 

 

 

Note:  
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Motivation to CFD 

 Confirm the theorem. 

 Test sharpness of analytical bounds on 

 µ (relaxation parameter) and  

  h (resolution of observation). 

 Find practical values of µ and h. 

 Experiment and look for new and 

 interesting results. 
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Forcing Function & Initial Condition 
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Result: Success 
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Results: Fail 
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Results: Partial Convergence 
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Conclusion: Optimal µ  
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Conclusion: 

Force G 

5,000,000 6.0 22440 4 

5,000,000 6.5 18200 6 

5,000,000 20.0 14030 8 
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Summary 

 There were choices of µ and K such that  

                             to with in machine epsilon. 

 

 The value of         is comparable to the number of 

 numerically determining modes. 

 

 There is a wide range of values µ near       for which  

  the algorithm works well. 
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Movie: 

 

 

 

1. Movie …. 
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Future Work 
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