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Using the basic assumptions of [a], an investigation is made  of the 
problem of flow of a jet in an axisymmet~ic cavity. The velocity 
field in the region where the jet  is turned is determined.  

We shal l  c o n s i d e r  the  a x i s y m m e t r i e  s t e a d y  p r o b l e m  
of the  p r o p a g a t i o n  of a t u rbu l en t  j e t  in  a c l o s e d  cav i ty  
(Fig.  1). As was  done in [1], we sha l l  d iv ide  the  whole 
flow reg ion  into two p a r t s :  the  f i r s t ,  K'NUMK, in 
which the t u rbu l en t  j e t  p r o p a g a t e s  into an oppos ing  
s t r e a m  of f luid,  and the second,  M'O'OM, in which 
t h e r e  o c c u r s  a t u rn ing  about  of the  s t r e a m l i n e s ,  a p -  
p r o x i m a t e l y  a c c o r d i n g  to  the  l aws  of mot ion  of an 
idea l  f luid.  In the  f i r s t  p a r t  of the  f low in the  mix ing  
zone of t h i c k n e s s  b, which i s  in e s s e n c e  a bounda ry  
l a y e r  f o r m e d  u n d e r  the  oppos ing  mot ion  of the  f luid 
j e t s ,  the  flow v e l o c i t y  changes  in magn i tude  and d i -  
r e c t i on  f r o m  -U 0 (in the  in i t i a l  p a r t  of the je t )  o r  ~U m 
(in the ma in  p a r t  of the  jet)  to U n. A c c o r d i n g  to [1] we 
sha l l  c o n s i d e r  the  ve loc i t y  p r o f i l e  in the  mix ing  zone 
of the  ma in  p a r t  of the  j e t  a s  be ing  g iven  by  the  f o r m u -  
la  

(u~--un)/(u~ - - v . )  = [1--(~/b)'-~1~. (1) 

The mix ing  zone t h i c k n e s s  b a p p e a r i n g  in (1) h a s  the  
f o r m  

b = c ( x o - - x ) ,  x - ~ x o ,  (2) 

whe re  c i s  a t u r b u l e n c e  cons tan t  (as i s  t r u e  a l so  f o r  
a u x i l i a r y  j e t s ,  c = 0 .22 fo r  the  m a i n  p a r t  of the je t ) .  

F o r  the  t u rn ing  sec t ion  MM',  in the  chosen  c o o r -  
d ina te  s y s t e m ,  we may  wr i t e ,  in c o n f o r m i t y  with [2] 

xo - -  x~ = 4.25R; Un~ =0.3Uo; 

2.92b0 U0" (3) 
UmM= VR~ ~ 

In the  second  p a r t  of the  a x i s y m m e t r i e  flow, tu rn ing  
of the  f low through  180 ~ o c c u r s .  We sha l l  c o n s i d e r  tha t  
the flow in th i s  sec t ion ,  obeying  the l aws  of an  idea l  
fluid,  i s  po ten t ia l .  Then the  p r o b l e m  of c o n s t r u c t i n g  
the ve loc i ty  f ie ld  in the  je t  t u rn ing  r eg ion  n e a r  the  
cav i ty  m a y  be f o r m u l a t e d  a s  fo l lows .  We r e q u i r e  to  
so lve  the Lap lace  equat ion 

A@ 020 O~O 1 O0  
Ox ~ J r - - + - - - -  (4) Oy ~ y Oy 

with the  fo l lowing bounda ry  condi t ions :  
1. At the  j e t  t u rn ing  s ec t i on  MM' 0 ~ / 0 x  = Urn(y). 
2. O n t h e  s ide  w a l l s  of the  cav i t y  0 0 / 0 y  = 0. 
3. At the s u r f a c e  of the  bo t tom of the  cav i t y  O ~/0x = 

= 0 .  

F o r  conven ience  of f u r t h e r  examina t ion  of the  p r o b -  
l em,  we sha l l  go o v e r  to d i m e n s i o n l e s s  quan t i t i e s ,  pu t -  
t ing 

U v = Uv/Uo; Ux = U~./Uo; x = x/R; -g = y/R. 

Then (4) t a k e s  the  f o r m  

oV + o~ ~ + --y --oy = o. (5) 

The b o u n d a r y  condi t ions  in d i m e n s i o n l e s s  f o r m  m a y  be  
w r i t t e n  

- -  /fr__om (lj,_ O < y < b  M 

( Lo--O 
O 0  �9 

We s e e k  a so lu t ion  of the  o r i g i n a l  equat ion (5) with 
bounda ry  condi t ions  (6) in the  f o r m  of an expans ion  in 
s e r i e s  with r e s p e c t  to  B e s s e l  funct ions  

t~o ~k sh (~  xM) J02 ( ~ ) '  (7) 

w h e r e  

1 

0 

~k a r e  the  r o o t s  of the  equat ion Ji(~) = 0 (40 = 0; ~1 = 
=3 .83171 ;  ~2 =7"01559 ;  ~3 = 10.17 and so on). 

Co r r e spond ing ly ,  0 ~ / 0 x  and 0 ~ / S y  m a y  be  wr i t t en  
in the  f o r m  

O-O = ~ = 2  ~ W_~ sh (~kx) Jo ( ~ _ . _ _  Y) 

o~ ~ sh(~,'~ M) J~ (L) ' k=O 

O 0 = u u = _ 2  - - ~  - (9) 
0T sh (~k xM) J0 ~ (~,) k=0 

Taking  account  of (1) and (2), the  express ion '~for  ~/k 
m a y  be r e w r i t t e n  as  fol lows:  

19.5 
(x0 - - x  M ),5 e3 + 

where  

95 ] 

l 

o o 

(lO) 
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b M 
b~  = -~- =0.22 (Xo - -  X~). 

In the event that  express ions  f r o m  (3) a re  used fo r  
Urn' Un' and b_ , calculat ion of Ux and Uy in the jet 
turning region ~ e s e n t s  no apprec iab le  difficulty. It 
should be noted, however ,  that  the use  of express ion  
{1) for  the ve loc i ty  prof i le  in the jet tu rn ing  sect ion 
MM' leads  in this case  to a v e r y  labor ious  calculat ion.  
This l a t t e r  disadvantage m a y  be avoided to  a cons id-  
erable  extent by using, as an express ion  for  the 
ve loc i ty  prof i le  in sect ion MM', an expansion of the 
type 

-- --ao +a~y -}-a~g (11) 
Um - -  Un 

instead of (1). 
The coeff ic ients  of the expansion a re  found f r o m  the 

following conditions:  

~ = 0 ,  U ~ = U ~ ,  8U~-=0, 

y=bM, U . = ~ .  

In this case  the express ion  for  q'k is wr i t ten  as 

'~o = o.5 ~ + o . ~ 5 - ~ ,  (Urn-- U~), 

q~4 -- 2 (U--,n - -  Un) ~ Je(~4b~). k = l ,  2, 3 . . . . .  

and, cor respondingly ,  Ux and Uy take the f o r m  

XM 

~J~ (~4b~) sh (~ ~-)s0 (~ ~) 

le=l 

+ 0.5 bM (Urn - -  U-,)I g 4 (U,~-- Un) • = - - - - -  

XM 

• (12) 
4=1 ~2 j2  (~k) sh  (~4 XM) 

X I 
xl 

/ ,  r g" 

x, 

4 r 

/ i / * * . / l l l / / / / / i P / / / / / / / / ' / / / / / / J ~ / / / / / / / / / / / / / / f / / / .  M" O" 

If the prof i le  (1t) is cons ide red  to  extend over  the 
whole jet turn ing  sect ion M'M, i. e . ,  if we take bM -~ 

1, the exp re s s ion  fo r  ~k takes  the f o r m  

~k 

~o = 0.25 (5, + ~.,), 

2(Um--Un) Jo(~),  k = l ,  2, 3 . . . . .  

O~ T I 

--0.5 ~ /1 

/ "~.2 

o I 2 3 ~ 5 6 ~-~ 

Fig. 2~ Variation of dimensionless value of stream 
velocity along the axis of the a~syMmetric cavity 
at the sect ion OM: 1- -accord ing  to (12); 2--(13); 
3 - -ca lcu la ted  in [1]; the po in t s - -exper imen t  in [1]. 

Then the expressions for U x and VJy are written as 

U~ = 0.5 (U n -t- U---~) ------x 4 (U,~ - -  Un) x 
X M 

sh (gkx) J~ (~4 y) Uy = - -  O.25 (Un + Urn) ~ + 
• g So (~41 sh (~TM) ' .=~ 4=1 

.-- ~ ch (~4x) J1 (~ }) (13) 
+4(Um--Un)  = ~ o ( ~ - h ( ~ )  " 

Curves  1 and 2 of Fig. 2 were  calculated f r o m  (12) 
and (13), taking account  of the re la t ions  fo r  U n, Urn, 
and bM f r o m  (3) f o r  a nozzle  d i a m e t e r  b0 = 0. 186 and 
~M = 15.15. The theore t i ca l  curve  of [1] was obtained 
fo r  the case  of flow in a plane cavity.  

NOTATION 

Ux, Uy a r e  the longitudinal and t r a n s v e r s e  veloci ty  
components ;  U 0, U m, U n is the longitudinal ve loc i ty  
component ,  r espec t ive ly ,  at the r im of the nozzle,  
on the axis  of the jet, and on the side su r face  of the 
cavity;  UmM, UnM is the longitudinal ve loci ty  c o m -  
ponent at the jet turning sect ion M'M on the jet axis, 
and on the side su r face  of the cavity;  x, y a re  the 
longitudinal and t r a n s v e r s e  coord ina tes ;  x 0, x M are  
the coord ina tes  of the nozzle  r i m  and of the jet turning 
line M'M; b 0 is the nozzle  d iamete r ;  b M is the th ick-  
ness  of the mixing zone at the jet turn ing  section; R is 
the rad ius  of the cavity;  �9 is the ve loc i ty  potential .  
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Fig.  1. Schemat ic  of the flow in the a x i s y m m e t r i c  
c losed cavity.  21 May 1966 Engineer ing  Insti tute,  Leningrad 


