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COMPUTATIOWAL TECHNIQUE FOR COMPRESSIBLE VORTEX FLOWS 
USIffi THE INTEGRAL EQUATION SOLUTIOW 

BY 

Osama A .  Kandi l *  

ABSTRACT 

This  r e p o r t  covers t h e  achievements accomplished under t h i s  g ran t  i n  

t h e  pe r iod  of May 1985 t o  J u l y  1986. 

The steady f u l l - p o t e n t i a l  equat ion i s  w r i t t e n  i n  t h e  form o f  Poisson's 

equation, and t h e  s o l u t i o n  f o r  t he  v e l o c i t y  f i e l d  i s  expressed i n  terms of 

an i n t e g r a l  equation. The i n t e g r a l  s o l u t i o n  cons is t s  o f  two sur face i n t e -  

g r a l s  and one volune i n t e g r a l .  One o f  t h e  sur face i n t e g r a l s  i s  a source 

i n t e g r a l  term, over t h e  wing surface, which represents  t h e  wing th ickness  

e f f e c t  w h i l e  t h e  o ther  surface i n t e g r a l  i s  a vor tex  i n t e g r a l  term, over the  

wing and wake surfaces, which represents  t h e  l i f t .  The volune i n t e g r a l  t e r m  

i s  a source d i s t r i b u t i o n  w i t h i n  a small computational volume around t h e  

wing. Th is  term represents  t h e  t o t a l  c o m p r e s s i b i l i t y  c o n t r i b u t i o n  o f  t h e  

f low.  

The s o l u t i o n  i s  obta ined  through successive i t e r a t i o n  c y c l e s .  Each 

c y c l e  of i t e r a t i o n  cons is t s  of two sub-cycles, an i nne r  c y c l e  f o r  wake re -  

l a x a t i o n  and an ou ter  cyc le  f o r  t h e  s t reng th  o f  t h e  source d i s t r i b u t i o n  

i n t e g r a l s  represent ing  the  f l o w  compress ib i l i t y .  The dens i t y  g rad ien ts  i n  

t h e  source d i s t r i b u t i o n  i s  computed b y  us ing  a t ype -d i f f e renc ing  scheme o f  

t h e  P,urman-Col e type. 

The method i s  app l ied  t o  d e l t a  wings and t h e  nuner ica l  examples show 

t h a t  a curved shock i s  captured on t h e  wing suc t i on  s ide  beneath t h e  lead ing  
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edge vor tex  sheet. Recently, a mod i f ied  vers ion  o f  t h e  scheme has been 

app l ied  t o  rec tangu lar  wings. 

terms have computed by  us ing  a b i l i n e a r  d i s t r i b u t i o n  o f  v o r t i c i t y  on 

t r i a n g u l a r  vor tex  panels which represent  the  wing and i t s  wake. The r e s u l t s  

have been compared w i t h  t h e  a v a i l a b l e  experimental da ta  and they  are i n  good 

agreement. 

pub1 i c a t  ions.  

I n  t h i s  mod i f ied  scheme, t h e  sur face i n t e g r a l  

D e t a i l s  o f  t h e  scheme and t h e  r e s u l t s  are g iven i n  t h e  at tached 
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