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The gene ra t i on  and use  of composite g r i d s  f o r  gene ra l  three-dimensional  
phys ica l  boundary con f igu ra t i ons  is d iscussed ,  and t h e  a v a i l a b i l i t y  of s e v e r a l  
codes o r  procedures  i s  noted. With t h e  composi t e  framework, t h e  phys i ca l  r e g i o n  
i s  segmented i n t o  sub-regions,  each bounded by s i x  curved s i d e s ,  and a g r i d  i s  
genera ted  i n  each sub-region. These g r i d s  may be jo ined  a t  t h e  i n t e r f a c e s  be- 
tween t h e  sub-regions with var ious  degrees  of c o n t i n u i t y .  Th i s  s t r u c t u r e  a l l ows  
codes t o  be cons t ruc t ed  t o  o p e r a t e  on r e c t a n g u l a r  blocks i n  computat ional  space ,  
s o  t h a t  e x i s t i n g  s o l u t i o n  procedures can be r e a d i l y  i nco rpo ra t ed  i n  t h e  cons t ruc -  
t i o n  of codes f o r  genera l  con f igu ra t i ons .  

Numerical g r i d  gene ra t i on  has become an i n t e g r a l  p a r t  of t h e  numerical  so- 
l u t i o n  of p a r t i a l  d i f f e r e n t i a l  equa t ions  and i s  one of t h e  pacing items i n  t h e  
development of codes f o r  genera l  con f igu ra t i ons .  The numer ica l ly  genera ted  g r i d  
f r e e s  t h e  computational s imu la t i on  from r e s t r i c t i o n  t o  c e r t a i n  boundary shapes  
and a l l ows  gene ra l  codes t o  be w r i t t e n  i n  which t h e  boundary shape i s  s p e c i f i e d  
s imply by i n p u t .  The boundaries may a l s o  be i n  motion, e i t h e r  a s  s p e c i f i e d  ex- 
t e r n a l l y  o r  i n  response t o  g r a d i e n t s  i n  t h e  developing phys i ca l  s o l u t i o n .  I n  any 
c a s e ,  t h e  numer ica l ly  generated g r i d  a l l o w s  a l l  computation t o  be done on a f i x e d  
squa re  g r i d  i n  t h e  computational space ,  which i s  always r e c t a n g u l a r  by cons t ruc -  
t i o n .  Boundary cond i t i ons  can be r e p r e s e n t e d  e n t i r e l y  by d i f f e r e n c e s  a long  g r i d  
l i n e s  without need of i n t e r p o l a t i o n ,  and hence f i n i t e  d i f f e r e n c e  methods a r e  r ea -  
d i l y  a p p l i c a b l e  t o  genera l  reg ions .  These g r i d s  can a l s o  s e r v e  i n  f i n i t e - e l e m e n t  
formula t ions  based on q u a d r i l a t e r a l s  (hexahedrons i n  3D), and f i n i t e  volume con- 
s t r u c t i o n s  can be r ep re sen t ed  a s  conse rva t ive  f i n i t e  d i f f e r e n c e  forms. 

Considerable  progress  is being made toward t h e  development of t h e  tech-  
niques of numerical g r i d  gene ra t i on  and toward c a s t i n g  them i n  forms t h a t  can be 
r e a d i l y  app l i ed .  A comprehensive survey  of numerical g r i d  g e n e r a t i o n  procedures  
and a p p l i c a t i o n s  thereof  through 1981 i s  g iven  i n  r e f e r e n c e  1 , and t h e  conference  
proceeding publ ished a s  r e f e r ence  2 c o n t a i n s  a number of e x p o s i t o r y  pape r s  on 
t h e  a r e a ,  a s  wel l  a s  c u r r e n t  r e s u l t s .  Other c o l l e c t i o n s  of papers  on t h e  a r e a  
have a l s o  appeared ( r e f s .  3 and 4 ) ,  and a l a t e r  review through 1983 has  been giv- 
en i n  r e f e r e n c e  5. Some o t h e r  e a r l i e r  surveys  a r e  no ted  i n  r e f e r e n c e  1 . A re -  
cen t  survey  by Eiseman is  given i n  r e f e r e n c e  6. Surveys p a r t i c u l a r l y  on t h r e e -  
dimensional g r i d  genera t ion  ( r e f s .  7 and 8)  and on a d a p t i v e  g r i d s  ( r e f  s. 9 and 
10) have a l s o  been given. A genera l  t e x t  on numerical g r i d  g e n e r a t i o n  and its 
a p p l i c a t i o n s  has now appeared ( r e f .  1 1 ) .  

S ince  one of t h e  c u r v i l i n e a r  coo rd ina t e s  is  cons t an t  on each segment of 
t h e  phys ica l  boundary, t h e  transformed (computa t iona l )  f i e l d  i s  r e c t a n g u l a r  wi th  
a uniform square  g r i d  by cons t ruc t ion .  The g r i d  is genera ted  from s p e c i f i e d  g r i d  
po in t  d i s t r i b u t i o n s  and/or g r i d  l i n e  i n t e r s e c t i o n  ang le s  on t h e  boundaries .  The 
computational reg ion  may be an empty r e c t a n g u l a r  block w i t h  a l l  t h e  phys i ca l  
boundary segments corresponding t o  p o r t i o n s  of t h e  s i d e s  t h e r e o f ,  o r  some of 
t h e s e  segments may correspond t o  slits o r  s l a b s  i n  t h e  i n t e r i o r  of t h e  computa- 
t i o n a l  block. Although i n  p r i n c i p l e  i t  is  p o s s i b l e  t o  e s t a b l i s h  a correspondence 
between any phys ica l  r eg ion  and a s i n g l e  empty r e c t a n g u l a r  b lock ,  f o r  g e n e r a l  



three-dimensional  con f igu ra t i ons  t h e  r e s u l t i n g  g r i d  is  l i k e l y  t o  be much t o o  
skewed and i r r e g u l a r  t o  be usab le  when t h e  boundary geometry is complicated.  

A b e t t e r  approach wi th  complicated phys i ca l  boundaries  is  t o  segment t h e  
phys ica l  r e g i o n  i n t o  contiguous sub- reg ions ,  each bounded by s i x  curved  s i d e s  
( four  i n  2D), and each of which t ransforms  t o  a  r e c t a n g u l a r  block i n  t h e  computa- 
t i o n a l  r e g i o n ,  w i th  a  g r i d  genera ted  w i t h i n  each sub-region.  Each sub-region has  
i ts own c u r v i l i n e a r  coord ina te  system, i r r e s p e c t i v e  of  t h a t  i n  t h e  a d j a c e n t  sub- 
reg ions .  Th i s  then  a l lows  both t h e  g r i d  g e n e r a t i o n  and numerical s o l u t i o n s  on 
t h e  g r i d  t o  be cons t ruc t ed  t o  o p e r a t e  i n  a  r e c t a n g u l a r  computat ional  r e g i o n ,  re- 
g a r d l e s s  of t h e  shape o r  complexity of t h e  f u l l  phys i ca l  reg ion .  The f u l l  r e g i o n  
i s  t r e a t e d  by performing t h e  s o l u t i o n  o p e r a t i o n  i n  a l l  of t h e  r e c t a n g u l a r  compu- 
t a t i o n a l  blocks.  With t h e  composite framework, p a r t i a l  d i f f e r e n t i a l  equa t ion  nu- 
merical  s o l u t i o n  procedures w r i t t e n  t o  o p e r a t e  on r e c t a n g u l a r  r e g i o n s  can be in -  
corpora ted  i n t o  a  code f o r  genera l  c o n f i g u r a t i o n s  i n  a  s t r a i g h t f o r w a r d  manner, 
s i n c e  t h e  code o n l y  needs t o  t r e a t  a  r e c t a n g u l a r  block.  The e n t i r e  phys i ca l  
f i e l d  then  can be t r e a t e d  i n  a  loop  over  a l l  t h e  b locks .  

The g e n e r a l l y  curved s u r f a c e s  bounding t h e  sub-regions i n  t h e  phys i ca l  re- 
g ion  form i n t e r n a l  i n t e r f a c e s  a c r o s s  which informat ion  must be t r a n s f e r r e d ,  i . e . ,  
from t h e  s i d e s  of one r ec t angu la r  computat ional  block t o  t hose  of another .  These 
i n t e r f a c e s  occur i n  p a i r s ,  an i n t e r f a c e  on one block be ing  p a i r e d  wi th  ano the r  on 
t h e  same o r  a  d i f f e r e n t  block,  s i n c e  both correspond t o  t h e  same phys i ca l  sur -  
f ace .  The l o c a t i o n s  of t h e  i n t e r f a c e s  between t h e  sub-regions i n  t h e  phys i ca l  
r eg ion  a r e ,  of course ,  a r b i t r a r y  s i n c e  t h e s e  i n t e r f a c e s  a r e  n o t  a c t u a l  boundar- 
ies. These i n t e r f a c e s  might be f i x e d ,  i . e . ,  t h e  l o c a t i o n  completely s p e c i f i e d  
j u s t  a s  i n  t h e  c a s e  of a c t u a l  boundaries ,  o r  might be l e f t  t o  be l o c a t e d  by t h e  
g r i d  gene ra t i on  procedure.  Also, t h e  g r i d  l i n e s  i n  a d j a c e n t  sub-regions might be 
made t o  meet a t  t h e  i n t e r f a c e  between w i t h  complete c o n t i n u i t y ,  w i th  cont inuous  
l i n e  s l o p e  on ly ,  wi th  d i scont inuous  s l o p e ,  o r  perhaps no t  t o  meet a t  a l l .  
Na tu ra l l y ,  p r o g r e s s i v e l y  more s p e c i a l  t r ea tmen t  a t  t h e  i n t e r f a c e  w i l l  be r e q u i r e d  
i n  numerical s o l u t i o n s  a s  more degrees  of g r i d  l i n e  c o n t i n u i t y  a t  t h e  i n t e r f a c e  
a r e  l o s t .  Procedures f o r  gene ra t i ng  composi t e  g r i d s  wi th  t h e s e  va r ious  degrees  
of c o n t i n u i t y  a t  t h e  i n t e r f a c e s  a r e  d i s cus sed  i n  g e n e r a l  i n  r e f e r e n c e s  1 ,  2 ,  and 
11. 

Three-dimensional g r i d  codes should hope fu l ly  become s u i t a b l e  f o r  gene ra l  
use  i n  t h e  near  f u t u r e .  Fur ther  development i s  now needed i n  automation of t h e  
f i e l d  segmentat ion d e c i s i o n s  (work on an a r t i f i c i a l  i n t e l l i g e n c e  approach t o  t h i s  
i s  i n  p rog re s s )  and ref inement  of t h e  geometr ic  procedures  f o r  c o n s t r u c t i o n  of  
t h e  phys i ca l  boundaries .  The i n c o r p o r a t i o n  of dynamical ly  adap t ive  g r i d s  i n  t h e  
composite framework i s  only  j u s t  emerging and should  prove t o  be of c o n s i d e r a b l e  
importance t o  gene ra l  flow s o l u t i o n s .  
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