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A finite-difference scheme is employed to calculate the flow field in the region of in ter -  
action of nonuniform jet- type flows with a flat target  at normal  incidence. Results ob- 
tained in the numerical  solution are  presented.  

In recent  years  a number of papers  have appeared in which fini te-difference methods are  used to 
solve pract ica l  problems of gasdynamics  for an ideal gas .  In [1, 3] studies were made of the gas flow in 
the gas line of a react ion-type motor  and of the outflow of a supersonic jet f rom a nozzle;  in [4, 5] stud- 
ies were made of the behavior of the gas in a shock layer  ar is ing f rom the impingement of a uniform super-  
sonic flow onto a blunt body. In the present  paper  we apply a f ini te-difference method to calculate the 
flow field in the region of interaction of a nonuniform subsonic je t - type flow with an infinitely large flat 
target .  The flow is assumed to be two-dimensional .  

We consider  the nonstationary interaction of the nonuniform flow of an ideal incompressible  liquid 
flowing out of an aperture of finite width D and impinging onto an infinitely large flat target,  placed nor -  
mal to the flow at a distance X (Fig. 1). We introduce a distance x 2 = Y, where the influence of the target  
on the flow can be considered to be negligibly small .  The outward flow (x 2 = Y) is set into motion impul- 
sively at the instant of time t = 0 with a speed U~ = U~o(x 1) which var ies  in the t r ansverse  direct ion (xl) and 

-x,e "o x, e A 

Fig. 1. Physical  model and 
sys tem of coordinates .  

i s  independent of the t ime. In the coordinate sys tem xl0x 2 the funda- 
mental dimensionless  equations describing the flow may be written as 
follows: 

Ovk = O, (1) 
Oxh 

Ovl ~_ O(vivh) 0 P ,  i, k = l ,  2. (2) 
Ot Ox h Oxi 

In E qs. (1) and (2) all the l inear dimensions are  r e fe r red  to the 
aper ture  width D; the speed is re fe r red  to the magnitude of the outward 
flow speed U 0 on the line of symmet ry  (x I = 0); the p res su re  is r e fe r red  
to pU] and the time is re fe r red  to the ratio D /U  0. 

The divergence operation in Eq. (2), combined with the con- 
tinuity equation (1), yields Po i s son ' s  equation; the lat ter  is then used 
to calculate the p re s su re  at each instant of time for known values of 
the speed: 

OO k 0V~ = _ 0219 (3) 

OX~ OX k Ox~Ox~ 

The sys tem o fEqs .  (2) and (3) is integrated inthe region F[-D~o/2 - x l 
_<D~/2, - Y  _<x 2 _< Y, t_>0],  whereD~ois the width of the jet flow 
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at  the d i s t a n c e  x 2 = Y f r o m  the t a r g e t .  The  i n i t i a l  and b o u n d a r y  cond i t i ons  for  the p r o b l e m  c o n s i d e r e d  
a r e  of the f o r m  

for  a l l  (Xl, x2)~ F;  

t . <  0.~ va = v2 = 0, P - P~o = const (4) 

t > 0 ,  v~=U~o, v~ = U=~, -8= = U . ~  + U.f f ,  

P = P = ,  OP/Oxa=O, X2=:+Y; 

v ~ = 0 ,  x~=O; 

v ~ = 0 ,  p = p ~ , ,  OP - 0 ,  x~= + D| 
Ox~ 2 

v~ (D,/2) = V~ (-- D=/2). 

(5) 

(6) 

(7) 

The  cond i t i on  (5) is  c h a r a c t e r i s t i c  of nonun i fo rm f r e e  j e t - t y p e  f lows in which  the p r e s s u r e  g r a d i e n t  
a c r o s s  the  j e t  is  n e g l i g i b l y  s m a l l ;  cond i t i on  {6) fo l lows  f r o m  the n o n p e n e t r a b i l i t y  of the t a r g e t ;  the 
cond i t i on  (7) i s  b a s e d  on the a s s u m p t i o n  that  the f low at  the d i s t a n c e s  x 1 = :~ Doo/2 i s  s y m m e t r i c  r e l a -  
t ive  to x 1 = 0 and i s  c o m p l e t e l y  r e c o n s t i t u t e d  in a d i r e c t i o n  a long  the s u r f a c e  of the t a r g e t .  The  l a t t e r  
i s  c h a r a c t e r i s t i c  fo r  a j e t  a d j a c e n t  to a wa l l .  

F o r  the d i f f e r e n c e  a p p r o x i m a t i o n  of the d i f f e r e n t i a l  equa t i ons  (2) and (3) we i n t r o d u c e  s t e p s  At ,  
AX1, AX 2 in the  d i f f e r e n c e  m e s h  a long  the 0t, 0xl, 0x 2 a x e s ,  r e s p e c t i v e l y .  We deno te  f low p a r a m e t e r s  
a t  the poin.t M(i, j) a t  the  t i m e  i n s t an t  t by A i , j , t  and t h o s e  at  the poin t  N ( i  * ~ x l ,  j * Ax2) at  the t i m e  
t + At  b y A  1 .  1,j * l , t  + 1 H e n c e f o r t h  we omi t  t f r o m  the nota t ion ,  w r i t i n g A 1 , J  i n p l a c e  of Ai ,  j ,  t 
Us ing  c e n t r a l  d i f f e r e n c e s  fo r  s p a t i a l  d e r i v a t i v e s  and f o r w a r d  d i f f e r e n c e s  fo r  t i m e  d e r i v a t i v e s ,  we w r i t e  
the f i n i t e - d i f f e r e n c e  ana log  of E q s .  (2) a s  fo l l ows :  

2AxlAx ~ 
at  v,,,,,~+' = - Ax~,i+~,~ v~+',; + ax~v~-, , ;  v~-,,J 

A ~ ] + l  i , ] + i  _~. " - -  ~X102' Vl Ax1 v/'/-I v~j/-1 - -  hx~ (p~+l,i __ p~-;,i) .~_ 2hXlhX2 @i. (8) 
At 

A n  a n a l o g o u s  e x p r e s s i o n  can  a l s o  be w r i t t e n  fo r  the v 2 c o m p o n e n t  of  the v e l o c i t y .  F o r  Eq .  (3) we 
ob ta in  

- -  4 (pi+1,/ + p~-~,i + pi ,]+l  @ pi.i--1 __ 4pi4) 

. . . .  . [ ~ 12 " A~ ~ , + ' - ~ . J - ' ) ( ~ ? * ' ~ - ~ ? * ' O .  (9) 
-r Ax 2 ~ 1 

The  d i f f e r e n c e  equa t ions  a r e  so lved  in the fo l lowing  o r d e r .  

1. At  the t i m e  in s t an t  t = 0 we t ake  v I = v~ = 0 at  a l l  the  nodes  of the m e s h  with the  e x e e p t i o n  of 
the  b o u n d a r y  x 2 = Y. F o r  the e a s e  in which  an a p p r o x i m a t e  so lu t i on  of the  p r o b l e m  in a s t a t i o n a r y  f o r -  
m u l a t i o n  i s  known th roughou t  the whole  r e g i o n  F, i t  is  c onve n i e n t  to u se  the da t a  of th i s  so lu t i on  to e s t a b -  
l i s h  the  a c c e l e r a t i o n .  

2. F o r  the  g i v e n  v e l o c i t y  v a l u e s  at  t i m e  t = 0 we s o l v e  the l i n e a r  s y s t e m  of equa t ions  f o r  the  p r e s -  
s u r e  a t  the m e s h  m o d e s ,  ob t a in ing  i t  f r o m  Eq .  (9) fo r  e a c h  node of the m e s h .  By f ix ing  the p r e s s u r e  
at  the nodes  x I = :~Doo/2, we m a k e  the s y s t e m  n o n s i n g u l a r .  An  i t e r a t i o n a l  p r o c e s s  is  u sed  as  long as  
the d i f f e r e n c e  in  the  quan t i t i e s  P in  c o n s e c u t i v e  i t e r a t i o n s  at  a n u m b e r  of s e l e c t e d  nodes  s t a y s  l a r g e r  than  
10 -6 a t  a l l  of t h e s e  nodes  s i m u l t a n e o u s l y .  To a c c e l e r a t e  c o n v e r g e n c e  of  the i t e r a t i o n a l  p r o c e s s  we use  
the me thod  of o v e r r e l a x a t i o n .  E q u a t i o n  (9) i s  r e p l a c e d  by an equa t ion  of the  f o r m  

~'~ " /  l - I -  ~-J,i ~ J-J P(~+~) = P~) + k (P~+~'~ +. p. + p~'~+~ + p.' ) 

+ - N  (~i+~';-v~-"0~ -~- ( Ax~ 't~(~,~+~ -.~';-"~ ~ 2 A~ (~i.~+~ vl.j_~)(~+~.j ~ ~, 

w h e r e  k i s  the coe f f i c i en t  of o v e r r e l a x a t i o n ;  the  s u b s c r i p t s  (n) and (n + 1) deno te  v a l u e s  for  the n - t h  
and (n + 1) - th  i t e r a t i o n s ;  the s u b s c r i p t  * d e n o t e s  the  next  to the l a s t  c o r r e c t i o n a l  quan t i ty .  A s  the r e s u l t  
of n u m e r i c a l  e x p e r i m e n t s  we chose  the  o v e r r e l a x a t i o n  c o e f f i c i e n t  equa l  to k = 1.7. 
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Fig .  2. V e l o c i t y  p r o f i l e s  in the j e t -  
t a r g e t  i n t e r a c t i o n  r e g i o n  (~ = 1.0) a t  
v a r i o u s  t i m e s  t :  s o l i d  l ine ,  t = 0.7; 
d a s h e d  l ine ,  t = 3.0.  Da t a  p o i n t s  
c o r r e s p o n d i n g  to the e n u m e r a t i o n  1, 

2, 3, 4, 5, 6 c o r r e s p o n d  to x 2 / Y  
v a l u e s  of 0, 0.2, 0.4, 0.6, 0.8, 1.0, 
r e s p e c t i v e l y .  

If we deno te  the d i f f e r e n c e  in the v a l u e  of the p r e s s u r e s  

in t he  n - t h  and ( n - 1 ) - t h  i t e r a t i o n s  Of e a c h  of the m e s h  m o d e s  
by e(n ) = P ( n ) - P ( n _ l ) ,  then,  fo r  the va lue  of k chosen ,  a 

va lue  of the  r a t i o  [Ie(n + l)][/lle(n)ll equa l  to 0.999 is  a t t a i n e d  
a t  the i n i t i a l  i n s t an t  when the n u m b e r  of i t e r a t i o n s  n < 200. 
I t  should  be noted  that  when v a l u e s  of the v e l o c i t y  in the  
c o m p u t a t i o n a l  r e g i o n  F c l o s e  to the s t a t i o n a r y  s o l u t i o n  a r e  
u sed  fo r  the i n i t i a l  cond i t ions  at  t = 0 the t i m e  fo r  the i t e r a -  
t i ona l  p r o c e s s  i s  c o n s i d e r a b l y  s h o r t e n e d .  When the l aw for  
v e l o c i t y  p r o p a g a t i o n  at  the  i n i t i a l  i n s t an t  i s  we l l  chosen ,  the 
n u m b e r  of i t e r a t i o n s  does  not  e x c e e d  n = 20. 

3. Knowing the v e l o c i t y  c o m p o n e n t s  and the p r e s s u r e  
at  e ach  node  poin t  in  the  c o m p u t a t i o n a l  r e g i o n  F at  the  t i m e  
in s t an t  t = 0, we ob t a in  the v a l u e s  of the v e l o c i t y  a t  an 
i n s t a n t  of t i m e  At s e c o n d s  l a t e r  by us ing  Eq .  (8) fo r  v 1 and 
the equat ior i  ana logous  to i t  f o r  v 2. The  p r e s s u r e  i s  then  
c a l c u l a t e d  f r o m  Eq .  (9) u s ing  the known v a l u e s  of the v e l o c -  
i ty  at  the t i m e  in s t an t  At .  

4. The  p r o c e s s  i s  r e p e a t e d  a t  s u c c e e d i n g  t i m e  i n -  
s t a n t s .  

E s t a b l i s h m e n t  of the f low in t i m e  was  v e r i f i e d  by 
s a t i s f y i n g  the con t inu i ty  equa t ion .  T h i s  l a t t e r  equa t ion ,  
w r i t t e n  in  d i f f e r e n c e  f o r m  with  c e n t r a l  d i f f e r e n c e s  e m p l o y e d  
fo r  d e r i v a t i v e s  with r e s p e c t  to the c o o r d i n a t e s ,  has  the  f o r m  

E = v ~ + l ' i - - v ] - l ' i + v ~ ' i + l - - v ~ ' i - I ,  E---~O. (11) 

In c a l c u l a t i n g  b o u n d a r y  nodes  of the r e g i o n  in  a c o o r d i n a t e  d i r e c t i o n  w h e r e  c e n t r a l  d i f f e r e n c e s  cannot  be 
e va lua t ed ,  we u s e d  e i t h e r  f o r w a r d  o r  b a c k w a r d  d i f f e r e n c e s .  

A s  an e x a m p l e  of a n o n u n i f o r m  flow i m p i n g i n g  on a t a r g e t ,  we c o n s i d e r  the f low (F ig .  1) c o n s i s t i n g  
of a c e n t r a l  u n i f o r m  flow of s p e e d  U 0 and width x n ,  and a p e r i p h e r a l  f low of b o u n d a r y - l a y e r  type  f o r  a 
t w o - d i m e n s i o n a l  j e t  wi th  z e r o  v e l o c i t y  at  i t s  o u t e r  edge  (x12). The  s p e c i f i c  b o u n d a r y  cond i t i ons  fo r  the 
f low i m p i n g i n g  on the t a r g e t  (x 2 = Y) a r e  of  the  f o r m :  

fo r  the c e n t r a l  flow, 

U ~ l = 0 ,  U |  , 0-~xl-~x.l,-- ~ . (12) 

fo r  the  p e r i p h e r a l  f low of bounda ry  l a y e r  type  fo r  a t w o - d i m e n s i o n a l  t u r b u l e n t  j e t  [6] 

U~I  = ~U 0 [q)O' ( q 3 ) -  (I)], U~ 2 = ~ U 0 0 '  ( ~ ) ,  Xll < x  1 ~.~ x12 = O| (13) 

w h e r e  -) 
D 

1 . . . . .  Xl 
q~=(2c ~) 3 2 " C x = - - 0 . 0 1 7 6 ;  C~=0.1337;  

X - - Y  ' 

D 3 . - -  
C s -- 0.6876; x n = - -  - -  0.981 Y 2c2 (X - -  Y); 

2 

x12 D| D + 2.04 1~'2~ ~ (X - -  Y); ~/2-~ ~ _ 0.09. 
2 2 

In f o r m u l a t i n g  the b o u n d a r y  cond i t i on s  f o r  t h e r e g i o n - D o o / 2  -< x t -< 0, we u s e d  the cond i t i on  of  f low 
s y m m e t r y  a t  the  b o u n d a r y  x 2 = Y r e l a t i v e  to the l ine  of s y m m e t r y  x t = 0. 

In Eq .  (13) the  coe f f i c i en t  ~ c h a r a c t e r i z e s  the r a t i o  of  the  m a x i m u m  s p e e d  U m in the  b o u n d a r y  
l a y e r  to the  s p e e d  U 0 of the  c e n t r a l  f low.  F o r  the  c a s e  in  which  U m = U0, i . e . ,  ~ = 1.0, the  n o n u n i f o r m  
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Fig.  3. Deve lopmen t  of the ve loc i ty  prof i le  with 
t ime  at the sec t ion  x 1 = ~:D~o/2 for  a jet  with } = 1.0: 
curves~ a, b, and e a r e  d rawn  fo r  the t imes  t = 0.05, 
0.3, and 3.0, r e s p e c t i v e l y .  
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Fig.  4. P r o f i l e s  of tangent ia l  ve loc i ty  component  in the j e t -  t a rge t  in t e rac t ion  region:  
f o r  the data  c u r v e s  1 and 2, ~ = 2.4268 and the t ime t = 0.25 and 0.625, r e s p e c t i v e l y ;  
fo r  the data  cu rve  3, ~ = 7.2805 and t = 0.15. F o r  the individual  g raph ica l  plots  a, b, c, 
d, e, f, g, a n d h  the value of 2xl /Dooused was 0.1, 0.2, 0.25, 0.4, 0.45, 0.5, 0.8, and 
0.95, r e s p e c t i v e l y .  

Fig .  5. P r e s s u r e  d i s t r ibu t ion  along the t a rge t  at va r ious  t imes  t fo r  a je t  with ~ = 2.4268: 
Data  c u r v e s  1, 2, 3, 4, 5, and 6 a r e  for  t = 0.25, 0.45, 0.5, 0.55, 0.6, and 0.615, r e -  
spec t ive ly .  

flow represents a subsonic jet impinging on the target within the limits of its initial portion. When 

> 1.0, the flow, formed in accordance with our assumptions, is the analog of the flow behind a curvi- 
linear shock which forms in front of a target due to the action on it of a supersonic underexpanded jet 

[7]. 

Upon choosing the initial conditions for the subsonic jet interacting with the target within the limits 
of the initial portion of the jet (~ = 1.0), we determined the initial velocity distribution by solving approxi- 
mately the problem concerning impingement of the jet on the target in a stationary formulation [8]. For 
an ideal gas the approximate solution reduces to the following distribution of the velocity components 
along the t a rge t :  

Uo v~= U~ q~l(xl), v 2 -  r (14) 
Y Y 
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w h e r e  

L 0 ~ x, -< x,~, 
@i(Xx) ,(~), Xxx-<X.~<xl~=D~o/2. 

In our  c a l c u l a t i o n s  we u s e d  a d i f f e r e n c e  m e s h  of d i m e n s i o n  40 • 10 and 40 • 5, with s t ep  s i z e  Ax 1 
= 0:05, Ax  2 = 0.1 and 0.2, r e s p e c t i v e l y ,  fo r  e ach  of the m e s h e s ,  and a t i m e  s t e p  At = 0.005.  We found 
tha t  a d i f f e r e n c e  m e s h  of s i z e  40 x 5 y i e l d s  f low p a r a m e t e r s  which  d i f f e r  i n s i g n i f i c a n t l y  f r o m  those  ob -  
t a i ned  with  a m e s h  of twice  the n u m b e r  of n o d e s .  In the c a l c u l a t i o n s  the coe f f i c i en t  ~ = 1.0; 2.4268; and 
7.2805. The  quant i ty  Y, on which  the e x p e r i m e n t s  with the  i n t e r a c t i o n  of s u b s o n i c  j e t s  (~ = 1.0) wi th  a two-  
d i m e n s i o n a l  t a r g e t  w e r e  b a s e d  [9], was  t aken  equa l  to D. We a l s o  f ixed  the da t a  c o n c e r n i n g  the p r e s s u r e  
d i s t r i b u t i o n  (P0) o v e r  the t a r g e t  and tha t  r e l a t i n g  to the  v e l o c i t y  componen t  p r o f i l e s  v I and v 2 in the  f low 
i n t e r a c t i o n  r e g i o n  F with  the  t a r g e t .  The  fo l lowing  i n i t i a l  d a t a  was  used  in the c o m p u t a t i o n s :  U 0 = 20 m 
/ s e c ; D  = 1 0  -2m;1~r162 = 1  a t m ; x = 3 D .  

In F i g .  2 we d i s p l a y  c a l c u l a t e d  v a l u e s  of the to ta l  v e l o c i t y  of the f low in the s u b s o n i c  j e t - t a r g e t  i n t e r -  
a c t i o n  r e g i o n  (~ = 0 . I )  at  the  s e p a r a t e  t i m e s  t = 0.7 and t -- 3.0 ( c o r r e s p o n d i n g  to 140 and 600 t i m e  s t e p s ) .  
The  n a t u r e  of the v e l o c i t y  d i s t r i b u t i o n  o v e r  the t a r g e t ,  f o r  the  t i m e  i n s t a n t s  c o n s i d e r e d ,  s t a y s  the s a m e  
on the whole ;  h o w e v e r ,  q u a n t i t a t i v e l y  the r e s u l t s  d i f f e r  s u b s t a n t i a l l y .  A t  the t i m e  t = 3.0 the  f low m a y  be 
c o n s i d e r e d  to be p r a c t i c a l l y  r e c o n s t i t u t e d  in  the d i r e c t i o n  a long  the t a r g e t ;  the  v e l o c i t y  p r o f i l e  a t  the  ex i t  
secs  x 1 --- -~D~o/2 of the  i n t e r a c t i o n  r e g i o n  c a l l s  to mind  the v e l o c i t y  p r o f i l e  in an i d e a l  j e t  c l o s e  to 
a wa l l  (F ig .  3); the magn i tude  of the  v e l o c i t y  g r a d i e n t  in  a ne ighbo rhood  of the d e c e l e r a t i o n  po in t  (x 2 = 0) 
i s  a p p r o x i m a t e l y  equal  to U0/D , which  a g r e e s  with the  d a t a  g iven  in a n u m b e r  of e x p e r i m e n t a l  p a p e r s  
d e a l i n g  with  the s tudy  of the i n t e r a c t i o n  of s u b s o n i c  j e t s  with f la t  t a r g e t s  p l a c e d  n o r m a l  to t h e i r  f low.  
The  e r r o r  in s a t i s f y i n g  the con t inu i ty  Eq.  (11) at  t = 3.0 i s  equa l  to E --- 0.1. Hence  the t i m e  ins t an t  t = 3.0 
was  t aken  a s  the  f ina l  one.  It should  be noted that  the n u m b e r  of i t e r a t i o n s  m a d e  in c a l c u l a t i n g  the p r e s -  
s u r e  in a g iven  c a s e  a p p e a r e d  to be a p p r o x i m a t e l y  cons t an t  and l e s s  than the i n i t i a l  n u m b e r  of i t e r a t i o n s  
(t = 0) up to the t i m e  t = 3.0, the i n c r e a s e  in the  n u m b e r  of i t e r a t i o n s  with t i m e  be ing  i n s i g n i f i c a n t .  

We now c o n s i d e r  the r e s u l t s  ob ta ined  in c a l c u l a t i n g  the  i n t e r a c t i o n  of a c o m p o s i t e  f low with the t a r g e t  
(} > 1.0).  In  F i g .  4 we p r e s e n t  p r o f i l e s  of the v e l o c i t y  componen t  t angen t  to the t a r g e t  (~ = 2.4268 and 
= 7.2805 at  the t i m e  in s t an t s  t = 0.625 and 0.15, r e s p e c t i v e l y )  and we a l s o  show the evo lu t ion  with  t i m e  of 
the  f low a long  the t a r g e t  (for ~ = 2.4268). The  type  of nonun i fo rm e x t e r n a l  f low c o n s i d e r e d  l e a d s  to the a p -  
p e a r a n c e  of a c o m p l e x  v o r t i c a l  f low n e a r  the t a r g e t  wi th  zones  of r e v e r s e  f low t o w a r d s  the  t a r g e t  c e n t e r  (x 1 
=x 2 = 0). The  v o r t e x  zones  fo r  the t i m e  i n s t a n t s  c o n s i d e r e d  a r e  not  s t a t i o n a r y  but change  shape  as  they  a r e  
d i s p l a c e d  a long  the t a r g e t .  In F i g .  5 we p r e s e n t  c u r v e s  showing  the change  in  the p r e s s u r e  150 a long the 
t a r g e t  a t  v a r i o u s  t i m e s  fo r  ~ = 2.4268.  A s  can  be s e e n  f r o m  the f igu re ,  the  p r e s s u r e  d i s t r i b u t i o n  fo r  t i m e s  
t _> 0.6 a r e  c h a r a c t e r i z e d  by a p e r i p h e r a l  m a x i m u m  p r e s s u r e .  A s  was  no ted  in the  e x p e r i m e n t a l  p a p e r  [6] 
fo r  the c a s e  of the i n t e r a c t i o n  of a s u p e r s o n i c  j e t  wi th  a t a r g e t ,  the  f low c l o s e  to the t a r g e t ,  with a p e r i -  
p h e r a l  m a x i m u m  s t a t i c  p r e s s u r e  on the t a r g e t  , ha s  a t endency  to b e c o m e  u n s t a b l e .  With  the f ixed b o u n d a r y  
x 2 = y ,  p a r t  of the l iquid  a c c u m u l a t e s  in  the c e n t r a l  r e g i o n  s i n c e  i t  cannot  o v e r c o m e  the p e r i p h e r a l  m a x i -  
m u m  p r e s s u r e .  F r o m  the point  of v i ew of n u m e r i c a l  c ompu ta t i on ,  the b o u n d a r y  cond i t ions  a t  the  b o u n d a r y  
x 2 = Y, which  in  th i s  c a s e  a r e  cons tan t ,  a r e  i n c o r r e c t l y  p o s e d .  It should  be a s s u m e d  tha t  i n c r e a s i n g  the 
d i s t a n c e  Y, i n s t e a d  of keep ing  i t  c o n s t a n t  and equa l  to D a s  in ou r  a n a l y s i s ,  wi l l  l ead  to an  i n c r e a s e  in the 
l i m i t i n g  t i m e  a t t a i n a b l e  in us ing  a c o m p u t a t i o n a l  m e s h .  A d e c r e a s e  in the r a t i o  (0 of the  va lue  of the m a x i -  
m u m  s p e e d  U m at  the p e r i p h e r y  to the speed  U 0 in the c e n t r a l  r e g i o n  h a s  the  s a m e  e f fec t ;  when ~ = 2.4268, 
the  f ina l  c o m p u t a t i o n a l  t i m e  t = 0.625, w h e r e a s  when ~ = 7.2805, t -- 0.15.  A t i m e  shi f t ,  even  one with  At  
= 0.025, l e a d s  to a l o s s  in  c o m p u t a t i o n a l  s t a b i l i t y  fo r  the c o m p u t a t i o n a l  m e s h  u s e d .  

The  c a l c u l a t i o n s  w e r e  m a d e  o n  a M i n s k - 2  c o m p u t e r  in  the B o m b a y  T e c h n o l o g i c a l  In s t i t u t e  and 
p a r t l y ,  u s ing  d s t a n d a r d  p r o g r a m  on the CGD-3600,  a t  the B o m b a y  Ins t i t u t e  of F u n d a m e n t a l  R e s e a r c h  
(India) .  

x 10x2 
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D 
X 
Y(Doo) 

N O T A T I O N  

is  the c o o r d i n a t e  s y s t e m ;  
is  the r e g i o n  of j e t  and  wa l l  i n t e r a c t i o n ;  
is  the s l i t  d i m e n s i o n ;  
i s  the d i s t a n c e  f r o m  s l i t  cu t -o f f  to wa l l ;  
i s  the d i m e n s i o n  of i n t e r a c t i o n  r e g i o n  a long  n o r m a l  to wa l l  (over  wa l l  s u r f a c e ) ;  
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Xll 
xl2 = D~ /2 ;  
t 
v1, V2 

V = vii- + v2j 
P 

P 
U~ 1, Uoo2 
U0 
U m 

- Um/Uo; 
P~, Po 
c 
At, AX1, Ax 2 
E 

is the dimension of central  region of constant velocity at the boundary x 2 = Y; 

is the t ime; 
are  the velocity components along the axes 0xl, 0x2, respect ively;  
is the velocity vector ;  
is the p res su re ;  
is the density; 
are  the velocity components at boundary x 2 = Y along the axes 0xl, 0x2, respect ively;  
is the velocity within centra l  region at boundary x 2 = Y; 
is the velocity maximum at per iphery  of the region of interaction;  

are the ambient p r e s s u r e  and the p re s su re  at the wall, respect ively;  
is the jet turbulence constant;  
a re  the difference grid pitches along axes 0t, 0xl, 0x2, respect ively;  
is the e r r o r  in continuity equation fulfilment. 
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