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Exper imen ta l  data a r e  presented  re la t ing  to the propagat ion of an axia l ly  s y m m e t r i c  
submerged  jet flowing f r o m  an annular  nozzle fo rmed  by two coaxial  cyl inders .  

F r e e  jets flowing f r o m  nozz l e s  with annular  c ros s  sect ions  fo rmed  by two coaxial  cyl inders  a r e  often 
encountered in technology. Je t  flows of this kind a r e  fo rmed ,  for example ,  behind axial  fans. 

According to [1, 2] the ae rodynamics  of a hollow jet flowing f r o m  an annular  nozzle obeys the o rd inary  
laws of a f r ee  ax ia l ly  s y m m e t r i c  continuous jet  over  mos t  of the region,  the momentum of the hollow jet 
(like that  of the continuous jet) being the s a m e  in all  c ro s s  sect ions and equal to that in the initial c ros s  
section.  According to other  authors  [3, 4] the c h a r a c t e r i s t i c s  of f r e e  annular  jets differ  substant ia l ly  f r o m  
those of a continuous c i r cu l a r  jet. 

In this paper  we shal l  consider  the r e su l t s  of an exper imenta l  examinat ion  of the propagat ion c h a r a c -  
t e r i s t i c s  in the main  region of flow of a f r ee  jet flowing f r o m  an annular  nozzle formed by two coaxial  cy l -  
inders .  In the exper imenta l  invest igat ions,  a i r  was blown by a fan into a damping chamber  and then through 
the tes t  nozzle into the a t m o s p h e r e .  In o rde r  to obtain an annular  jet, we used nozzles  of d i ame te r  50 and 
200 m m  with in terchangeable  linings having re la t ive  d i ame te r s  d = d / D  of 0.53, 0.6, 0.7, 0.8, and 0.85. 

The r a t e  of flow at the exit f r o m  the nozzle,  u0, lay between 40 and 50 m / s e c ,  and the veloci ty  d i s -  
t r ibut ion was p rac t i ca l ly  uniform.  The intensi ty  of turbulence in the initial  sect ion of the jet was no g r e a t e r  
than 1-27c in eve ry  case.  

The r e su l t s  of ve loci ty  m e a s u r e m e n t s  on the jet axis  a r e  shown in Fig. I ;  the dis tance f r o m  the 
init ial  sect ion of the jet is given in effect ive d i ame te r s  of the annular  nozzle x = x / / F  0 (F 0 is the a r e a  of 
the annular  outlet c ro s s  sec t ion  of the nozzle). The curves  of urn(x) given in Fig. 1 indicate that the r e l a -  
t ive d i ame te r  of the lining has a cons iderable  influence on the laws governing the propagat ion of the an-  
nular  jets.  

In e n g i n e e r s '  calculat ions the well-known fo rmula  of Abramovich  [5] has become widely accepted for  
de te rmin ing  the change in ve loc i ty  on the axis  of an axia l ly  s y m m e t r i c  jet in the principal  region of flow: 

- C 

t/m 
c ( x  - -  x0) 

The empi r i ca l  constant  e c h a r a c t e r i z e s  the change in the t r a n s v e r s e  dimensions  of the jet and de-  
pends on the init ial  outflow conditions [6]. The coefficient  C, fo r  a jet with a uniform veloci ty  field in the 
init ial  sect ion,  propagat ing in a region with a constant  s ta t ic  p r e s s u r e  (momentum along the jet constant),  
depends sole ly  on the shape of the d imens ion less  ve loc i ty  profi le  in the pr incipal  region. Because  of this,  
for  identical  init ial  outflow conditions the slope of the u -1 (x) s t ra igh t  lines is constant for  continuous c i r -  
cular  jets. 

In the case of annular jets, the slope of the u~(x) straight lines varies with the relative diameter 
of the inner portion d (Fig. I). The dimensionless velocity profile (Fig. 2) and the slope of the lines of 
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Fig. 1. Influence of the re la t ive  d i ame te r  d 
of the lining of the annular  nozzle on the a v e r -  
age veloci ty  u m along the axis  of the jet (I), 
the r e c i p r o c a l  ve loci ty  u ~  (II), and the t u r -  
bulence intensi ty  eu, % (HI), as  well  as  on the 
l ines of equal ve loci ty  Rc (IV) for  u =0.5  urn: 
a) without a def lector ;  b) with a def lector ;  1) 
fo r  d = 0; 2) 0.53; 3) 0.6; 4) 0.7; 5) 0.8; 6) 0.85. 
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Fig. 2. Dimens ion less  mean  ve loc i ty  profi le  and profi le  of t u r -  
bulence intensi ty eu, % in the main  region of the annular  jet for  
va r ious  lining d iamete r s :  a) without a def lector ;  b) with a de f lec -  
tor ;  1) for  d = 0; 2) 0.53; 3) 0.6; 4) 0.7; 5) 0.8; 6) 0.85. 
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Fig. 3. Change in the coeff icient  
C in annular  jets as a function of 
the re la t ive  d i ame te r  of the inner 
port ion of the nozzle d. 

equal velocities Rc(x ) (Fig. I) remain practically constant as d varies 
up to 0.85. Nor is there any change in the distribution of turbulence 
intensity in the principal region (Figs. 1 and 2). 

There is another factor which almost entirely accounts for the 
changes taking place in the characteristics of annular jets when 
changes over the range just indicated. In the initial section of the 
annular jet, there is a break-away (stall) region at a low pressure 
behind the inner portion of the nozzle. Hence the momentum in the 
main region of the jet is smaller than in the initial section. This re- 
duction in momentum is the more considerable, the greater the reta- 

t ive d i ame te r  of the inner port ion of the nozzle,  as  may  be seen  f r o m  the dependence of the coefficient  C 
on the re la t ive  d i ame te r  of the inner  port ion d- (Fig. 3). 
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Par t i cu l a r l y  significant in this r e s p e c t  a r e  the r e su l t s  of m e a s u r e m e n t s  in jets  flowing f r o m  annular  
nozzles  with a def lec tor  placed behind the inner port ion (Fig. 1). By analogy with the flow pat tern  behind 
a s t reaml ined  solid of revolut ion placed in an unbounded uni form flow [7], the inse r t ion  of a deflection r e -  
moves  the b r e a k - a w a y  (stall) zone and reduces  the loss of momentum.  

It follows f r o m  the curves  presented  (Figs. 1 and 2) that the laws governing the changes taking place 
in the veloci ty  of an annular  jet  in the p resence  of a def lec tor  a r e  s i m i l a r  to the corresponding laws p e r -  
taining to a continuous c i r cu la r  jet, except  that, for  l a rge  d, there  is an apprec iab le  change in the pole 
dis tance ~ .  
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5m = urn/u0;  
U = U / u r n ;  

x = x / r  
x0 -= x 0 / r  F0; 
r = r / R c ;  
Re = Rc/r 

N O T A T I O N  

is the dis tance f r o m  the outlet sec t ion  of the nozzle to the sec t ion  of jet under cons ide r -  
ation; 
is  the dis tance f r o m  the axis  of the jet; 
is the longitudinal component  of the ave r age  a i r  ve loc i ty  in the jet; 
is  the veloci ty  on the jet axis ;  
is the veloci ty  at the outlet f r o m  the nozzle;  
is the turbulence intensi ty  r e f e r r e d  to the local ave r age  veloci ty  {Su = u~ '2 /u ) ;  
a r e  emp i r i ca l  jet  constants ;  
is the d i ame te r  of the outlet sect ion of the nozzle;  
is the d i ame te r  of the inner port ion of the nozzle; 
is the a r e a  of the jet in the initial  sect ion;  
is the radius  of the jet c ro s s  sect ion corresponding to u = 0.5 urn; 
is the dis tance to the pole of the jet; 
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