
O u t p u t  a n d  e n d

3 D  n u m e r i c a l  s i m u l a t i o n  u s i n g  c h a n n e l f l o w  1 . 1 . 2  f o r  r o t a t i n g  t u r b u l e n c e

Inpu t  and  i n i t i a l i za t i on

T i m e  m a r + + c h i n g

d n s . a d v a n c e ( u ,  q ,  n )

I npu t  and  i n i t i a l i za t i on

/ /  D e f i n e  g r i d s i z e
  c o n s t  i n t  N x = 3 2 ;
  c o n s t  i n t  N y = 3 3 ;
  c o n s t  i n t  N z = 3 2 ;

  / /  De f i ne  box  s i ze
  c o n s t  R e a l  L x = 1 . 7 5 * p i ;
  c o n s t  R e a l  a =  - 1 . 0 ;
  c o n s t  R e a l  b =   1 . 0 ;
  c o n s t  R e a l  L z = 1 . 2 * p i ;

  / /  D e f i n e  f l o w  p a r a m e t e r s
  c o n s t  R e a l  R e y n o l d s  =  4 0 0 . 0 ;
  c o n s t  R e a l  n u  =  1 . 0 / R e y n o l d s ;
  c o n s t  R e a l  d P d x  =  0 . 0 ;
  c o n s t  R e a l  U b u l k  =  0 . 0 ;

  / /  D e f i n e  i n t e g r a t i o n  p a r a m e t e r s
  cons t  i n t  n  =  50 ;       / /  t ake  f i f t y  s teps  be tween  p r i n tou ts
  c o n s t  R e a l  d t  =  0 . 0 3 1 2 5 ;   / /  i n t e g r a t i o n  t i m e s t e p
  c o n s t  R e a l  T   =  1 0 0 . 0 ;  / /  i n t e g r a t e  f r o m  t = 0  t o  t = T

  / /  D e f i n e  D N S  p a r a m e t e r s
  D N S F l a g s  f l a g s ;  
  f l a g s . b a s e f l o w      =  P l a n e C o u e t t e ;
  f l a g s . t i m e s t e p p i n g  =  S B D F 3 ;
  f l a g s . i n i t s t e p p i n g  =  S M R K 2 ;
  f l ags .non l i nea r i t y  =  Ro ta t i ona l ;
  f l a g s . d e a l i a s i n g    =  D e a l i a s X Z ;
  f l ags . t auco r rec t i on  =  t r ue ;
  f l a g s . c o n s t r a i n t   =  P r e s s u r e G r a d i e n t ;  / /  e n f o r c e  c o n s t a n t  p r e s s u r e  g r a d i e n t
  f l a g s . d P d x  =  d P d x ;
  f l a g s . U b u l k  =  U b u l k ;

  / /  D e f i n e  s i z e  a n d  s m o o t h n e s s  o f  i n i t i a l  d i s t u r b a n c e
  R e a l  s p e c t r a l D e c a y  =  0 . 5 ;    
  R e a l  m a g n i t u d e   =  0 . 3 ;    
  i n t  k x m a x  =  3 ;
  i n t  k z m a x  =  3 ;

  / /  C o n s t r u c t  d a t a  f i e l d s :  3 d  v e l o c i t y  a n d  1 d  p r e s s u r e
  c o u t  < <  " b u i l d i n g  v e l o c i t y  a n d  p r e s s u r e  f i e l d s . . . "  < <  f l u s h ;
  F l o w F i e l d  u ( N x , N y , N z , 3 , L x , L z , a , b ) ;
  F l o w F i e l d  q ( N x , N y , N z , 1 , L x , L z , a , b ) ;
  c o u t  < <  " d o n e "  < <  e n d l ;

  / /  Pe r tu rb  ve loc i t y  f i e ld
  u . a d d P e r t u r b a t i o n s ( k x m a x , k z m a x , 1 . 0 , s p e c t r a l D e c a y ) ;
  u  * =  m a g n i t u d e / L 2 N o r m ( u ) ;

  / /  C o n s t r u c t  N a v i e r - S t o k e  i n t e g r a t o r ,  s e t  i n t e g r a t i o n  m e t h o d
  c o u t  < <  " b u i l d i n g  D N S . . . "  < <  f l u s h ;
  D N S  d n s ( u ,  n u ,  d t ,  f l a g s ) ;
  c o u t  < <  " d o n e "  < <  e n d l ;

T i m e  m a r c h i n g

d n s . a d v a n c e ( u ,  q ,  n )
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v o i d  D N S : : a d v a n c e ( F l o w F i e l d &  u ,  F l o w F i e l d &  q ,  i n t  N s t e p s )  {
  a s s e r t ( m a i n _ a l g o r i t h m _ ) ;

  / /  E r ro r  check
  i f  ( !ma in_a lgo r i t hm_-> fu l l ( )  &&  ! i n i t _a lgo r i t hm_)  {
    c e r r  < <  " D N S : : a d v a n c e ( u , q , N s t e p s )  :  t h e  m a i n  a l g o r i t h m  i s  u n i n i t i a l i z e d , \ n "
 < <  " a n d  t h e  i n i t i a l i z a t i o n  a l g o r i t h m  i s  n o t  s e t .  T h i s  s h o u l d  n o t  b e \ n "
 < <  " p o s s i b l e .  P l e a s e  s u b m i t  a  b u g  r e p o r t  ( s e e  d o c u m e n t a t i o n ) . "  
 < <  e n d l ;

    ex i t (1) ;
  }
  i n t  n=0 ;
  w h i l e  ( ! m a i n _ a l g o r i t h m _ - > f u l l ( )  & &  n < N s t e p s )  {
    i n i t _ a l g o r i t h m _ - > a d v a n c e ( u , q , 1 ) ;
    m a i n _ a l g o r i t h m _ - > p u s h ( u ) ;
    i f  (ma in_a lgo r i t hm_-> fu l l ( ) )  {
      de le te  i n i t _a lgo r i t hm_;
      i n i t _a lgo r i t hm_ =  0 ;
    }
    ++n ;
  }

  m a i n _ a l g o r i t h m _ - > a d v a n c e ( u , q , N s t e p s - n ) ;
}

D a t a  c a n  b e  l o a d e d  f r o m  a  b i n a r y  o r  a s c  f i l e .

D N S F l a g s . b a s e f l o w :  P l a n e C o u e t t e  -  U b a s e = y ;  P a r a b o l i c  -  U b a s e = 1 - y ^ 2

Z e r o  -  U b a s e = 0

D N S F l a g s . t i m e s t e p p i n g  &  i n i t s t e p p i n g :

C N F E 1 ,  C N A B 2 ,  C N R K 2 ,  S M R K 2 ,  S B D F 1 ,  S B D F 2 ,  S B D F 3 ,  S B D F 4

D N S F l a g s . n o n l i n e a r i t y :  t h e  w a y  t o  c o m p u t e  t h e  n o n l i n e a r  t e r m  i n  t h e  

N S  e q u a t i o n s .  R o t a t i o n a l ,  C o n v e c t i o n ,  D i v e r g e n c e ,  S k e w S y m m e t r i c  . . .

D N S F l a g s . d e a l i a s i n g :  N o D e a l i a s i n g ,  D e a l i a s Y ,  D e a l i a s X Z ,  D e a l i a s X Y Z

D N S F l a g s . c o n s t r a i n t :  e n f o r c i n g  b l u k  v e l o c i t y  o r  m e a n  p r e s s u r e  c o n s t r a i n t  

D N S A l g o r i t h m  h a s  b e e n  c l o n e d  b y  R u n g e K u t t a D N S ,  M u l t i s t e p D N S ,  
a n d  C N A B s t y l e D N S .  T h u s  a d v a n c e ( . . . )  w i l l  b e  d i r e c t e d  t o  o n e  o f  t h e m
a c c o r d i n g  t o  D N S F l a g s . t i m e s t e p p i n g .

c a l c u l a t e  t h e  N o n l i n e a r  t e r m  a c c o r d i n g  n o n l i n e a r i t y  f l a g :
nav ie r s tokesNL(u ,  . . . ,  f l ags .non l i nea r i t y )

d e a l i a s i n g

c a l c u l a t e  d i f f u s i o n  i n  p h y s i c a l  s p a c e :
d i f f 2 ( u k _ ,  R x k _ ,  P y k _ ) ;
d i f f 2 ( v k _ ,  R y k _ ,  P y k _ ) ;
d i f f 2 ( w k _ ,  R z k _ ,  P y k _ )

c a l c u a t e  e f f e c t i v e  p r e s s u e ;  a d d  r o t a t i o n  t e r m

t a u  s o l v e r

u p d a t e  v e l o c i t y  ( u )  a n d  p r e s s u e  ( q )




