
(if) 
Gc(f)=G(l, f) .exp ~ (7) 

and increase  the accuracy  of measurement  of the spec t ra l  density by a conduction anenometer .  Thus, we 
cor rec ted  the spec t rum of the signal of a sensor  with l 0 = 1.5 mm (see Fig. 2). 

The present study permits us to give a quantitative est imate of the optimum intere lec t rede  distance of 
a s enso r .  In order  to improve the s igna l - to -no ise  rat io,  it is necessa ry  to increase  l .  However, this is pos-  
sible only up to a cer ta in  value of the in tere lect rode distance which, for the core  of the flow in a c i rcu la r  
tube, comes out to be equal to l / R  = 0o15, s ince for large values of l the averaging action of the sensor  be-  
gins to appear .  The in tere lec t rode distance is r e s t r i c t ed  sti l l  more  by the minimum scale  of turbulence,  
which must  be measured under the conditions of the experiment .  The obtained resul ts  point out the feasibility 
of cor rec t ion  of spec t rum if l / L  <- 1~ 

NOTATION 

l ,  in tere lec t rode distance;  q0, potential; G, spec t ra l  density; k, wave number;  h(x), equipment func- 
t ion of the sensor ;  H 2, equivalent spec t ra l  charac te r i s t i c  of the sensor ;  L, eddy scale ;  u, mean velocity; 
f, frequency; D, tube d iameter ;  u ' ,  r oo t -mean - squa re  value of longitudinal velocity fluctuations; R, radius 
of the tube; P, s ignal - to-noise  ratio.  
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INVESTIGATION OF THE EFFICIENCY OF A 

"JET DIFFUSER" 

M. O. F r a n k f u r t  UDC 532.556.4 

The power charac te r i s t i cs  of a diffuser device formed by a fine turbulent jet blown f rom an an-  
nular conical nozzle in the outlet sect ion of a cylindrical  channel were investigated exper imen-  
tally.  

In order  to reduce the loss of dynamic p re s su re  during discharge  of the flow from the channel into free 
space,  diffuser sections a re  usually used. Many methods a re  known for increasing the p re s su re  r ecove ry  in 
these  seetions,  including the method of drawing off or tangential  blowing of the boundary layer .  In the latter 
case ,  the let is blown out along the surface  of the expansion channel and ass is ts  stabil ization or  pers is tence  
of breakawayo 

A scheme with d i rec t  injection of such a jet in the outlet sect ion of a s t ra ight  channel may be of indepen- 
dent in teres t .  Jet devices of s imi la r  type have been suggested,  for example, for increasing the thrust  of p ro-  
pulsion sys tems [1]~ They may be usr~ also for reducing losses of dynamic p re s su re  in installations with 
h igh- tempera ture  flows or co r ros ive  media,  where the use of the normal  diffusers with impermeable  walls 
in cer ta in  cases is difficult. 

Translated from Inzherno-Fizicheskii Zhurnal, Vol. 31, No. 2, pp. 248-252, August, 1976. Original 
article submitted May 4, 1975. 
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Fig. 1. Diagram of experimental  faci l i ty :  1) annu- 
lar nozzle;  2) chamber ;  3) cyl indrical  channel;  4) 
col lector ;  5) calibrated jet; 6) U-shaped manometer ;  
7) valve; 8) a ir  supply. 
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Fig. 2. Curves of cp(q) for different values of a ,  T, and ~: i) ~ = 
60~ II) ~ =30~ III)~ =10  ~ 1)~'= 0.03; 2) 0.06; 3) 0.08; 4) f'~= 0.7. 

The efficiency of such a "jet diffuser ,"  i . e . ,  the expansion sect ion of the channel, bounded along the 
outer sur face  by a thin turbulent jet, is  not obvious and requires  experimental  verif icat ion.  The results  of 
this ,  as applicable to ax i symmet r i ea l  channels in the case of turbulent flow, a re  shown below. 

The investigation of the power charac te r i s t i cs  of a cyl indrical  channel with a jet sect ion was carr ied  
out with angles of spread of the annular conical jet ~ = 10, 30, and 60 ~ (Fig. 1). The jet was controlled by a 
nozzle device with interchangeable annular inser ts ,  which enabled the width ts  of the s l i t t o b e v a r i e d f r o m 0 . 8  
to  2.4 ram. Air  reached the slit  f rom an annular chamber ,  passing through a sect ion with calibrated nozzles.  
The flow ra te  q amounted to 10-12% of the flow ra te  of the air  Q passing through the channel. 

The tes ts  were car r ied  out on a chamber  with a supercharge  at a constant average  flow velocity in the 
channel of u 1 ~ 25 m / s e c  and, correspondingly,  a Reynolds number of Re ~ 2.7.105 with the discharge flow 
f rom the channel into f ree  space .  In order  to obtain a stable flow, the channel was joined to the chamber 
• a compartment  with a honeycomb and two inlet sc reens  and a nozzle with a 12-fold contraction.  

The efficiency of the channel with jet sect ion and with d i scharge  of the flow into free space was estimated 
by the p re s su re  r ecove ry  ra t io  in the channel Cp and by the magnitude of the total dynamic p re s su re  loss coef-  
ficient ~p. The coefficient Cp was determined by the change of the p re s su re  drop APl of the stat ic  p re s su re  
at the outlet f rom the channel to the at,. osphere.  Measurements  of the magnitude of APl were  carr ied  out by 
means of a cascade,  located along the axi~ of the channel. The curves of the p re s su re  r ecovery  coefficient 
cp(q, ~'), obtained in this way with differen~ angles of spread of the jet ~ and with var ia t ion of its efflux ve loc-  
ity u s and of the ducted sect ion of the slot f .  a r e  shown in Fig. 2. 
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F i g .  3. C u r v e s  of (_Cp -- ep0) = f (c#)  fo r  d i f f e r -  
ent  va lue s  of ~ and f .  I - I I I  and 1-3)  s e e  F i g .  2. 

S i m i l a r  c u r v e s  of Cp(Cl~) (Fig .  3) for  t h e  j e t  m o m e n t u m  coe f f i c i en t  c p ,  when  ~ = cons t  and f =  v a r ,  a r e  
of a g e n e r a l i z e d  n a t u r e .  T h e y  show tha t  t he  c o e f f i c i e n t  c p  can  b e  c o n s i d e r e d  a s  a c r i t e r i a l  p a r a m e t e r  fo r  
e s t i m a t i n g  the  ef fec t  of t h e  j e t  s e c t i o n  wi th  a g i v e n  a n g l e  of s p r e a d  on t h e  p r e s s u r e  r e c o v e r y  r a t i o  in  t h e  c h a n -  
ne l .  T h e  c u r v e s  of Cp(C ix) ob ta ined  in  t h i s  c a s e  have  a w e l l - k n o w n  a na logy  wi th  t h e  g e n e r a l i z e d  c h a r a c t e r i s -  
t i c s  of t he  l i f t  c o e f f i c i e n t s  cp(cy) ,  wh ich  u s u a l l y  a r e  used  when i n v e s t i g a t i n g  the  e f fec t  of b o u n d a r y  je t s  on t h e  
c o n t r o l s  of a i r c r a f t .  T h e  t o t a l  d y n a m i c  p r e s s u r e  loss  c o e f f i c i e n t  was  d e t e r m i n e d  by  t a k i n g  accoun t  of t he  
e n e r g y  expended  on ef f lux  of t h e  j e t ,  fo r  an a i r - b l o w i n g  p lan t  e f f i c i e nc y  of ~s = 1, by  t h e  f o r m u l a  [2] 

~p= [.f u'dF / #udF--cp(l -p qi-F Ape q]/(l ~-q). (i) 
FI FI 

In  c a l c u l a t i n g  t h e  lo s s  c o e f f i c i e n t s ,  c o r r e s p o n d i n g  to  a g i v e n  a i r  flow r a t e  9,  t he  e x p e r i m e n t a l  p r e s s u r e  r e -  
c o v e r y  c o e f f i c i e n t s  Cp, t he  p r e s s u r e  c o e f f i c i e n t s  in  t he  c h a m b e r  of t he  n o z z l e  d e v i c e  Apc ,  and the  v e l o c i t y  
p r o f i l e s  in t h e  c y l i n d r i c a l  channe l  w e r e  u s e d .  

T h e  c h a r a c t e r i s t i c s  ~ p  (q, ~) shown in F i g .  4 a r e  v a r i e d  r e g u l a r l y ,  depend ing  on t h e  m a g n i t u d e  of f-. 
Wi th  i n c r e a s e  of f-, t h e  o p t i m u m  v a l u e s  of q a r e  sh i f t ed  in to  t h e  r e g i o n  of high flow r a t e s ,  and the  m i n i m u m  

M k 

v a l u e s  of t h e  coe f f i c i en t s  ~ p  a r e  r e d u c e d  by  a f a c t o r  of 1.3 to  1.5.  T h e  f o r m  of t he  c h a r a c t e r i s t i c s  ~p(q,  f) 
in t h i s  c a s e  d e p e n d s  on two f a c t o r s :  t he  p r e s s u r e  r e c o v e r y  r a t i o  in  t he  channe l  and the  m a g n i t u d e  of t h e  p r e s -  
s u r e  in  t he  c h a m b e r  of t h e  je t  d e v i c e  c o r r e s p o n d i n g  to  i t .  C o m p a r i s o n  of t h e s e  c u r v e s  shows  tha t  ove r  t he  
r a n g e  f- ~ 0.03 to  0.08 an  i n c r e a s e  of t h e  a r e a  of t he  s l o t  g i v e s  a p o s i t i v e  e f fec t .  It is  a c c o m p a n i e d  by  a s o m e -  
what  s m a l l  p r e s s u r e  r e c o v e r y  r a t i o  in  t h e  channe l  and ,  a t  t he  s a m e  t i m e ,  by a m a r k e d  r e d u c t i o n  of p r e s s u r e  
in  t he  c h a m b e r ,  which  m u s t  p r o v i d e  m o v e m e n t  of a i r  t h r o u g h  the  s l o t  w i th  a g i v e n  a r e a  T. In  t h e  f i na l  count ,  
t h i s  a l s o  l eads  to  a r e d u c t i o n  of t h e  d y n a m i c  p r e s s u r e  loss  in  t he  c h a n n e l .  

R e l a t i v e  to  d i f fu s ion  s e c t i o n s  wi th  i m p e r m e a b l e  w a l l s ,  t he  e f f i c i e nc y  of t he  je t  d e v i c e  be ing  c o n s i d e r e d  
is  m a r k e d l y  h i g h e r  wi th  a n g l e s  of ~ = 60% F o r  ~ = 30 ~ i t  can  be  ob ta ined  of t h e  s a m e  o r d e r  as  for  a d i f f u s e r  
wi th  an  e x p a n s i o n  r a t i o  of n -> 3 -4 ,  t h e  l eng th  of which  is  l/d -> 2. Wi th  je t  b lowing  ang l e s  of o r d e r  10 ~ t h e  
use  of je t  d e v i c e s  has  but  l i t t l e  e f f ec t .  

In  o r d e r  to  p r o d u c e  a d i f f u s e r  e f fec t  in  t he  out le t  s e c t i o n  of a r e c t l i n e a r  channe l ,  in  p r i n c i p l e ,  n o z z l e  
d e v i c e s  wi th  d i s c r e t e  s l o t s  a l s o  can  be  u s e d ;  t h e s e  a r e  i n t e r e s t i n g  in  "view of t h e i r  d e f i n i t e  s t r u c t u r a l  a d v a n -  
t a g e s .  T h e  r e s u l t s  of t e s t s  of t h e s e  d e v i c e s  wi th  a r e l a t i v e  duc ted  s e c t i o n  of t he  c h o p p e r  s l o t  f = 0.7 and wi th  
t h e  n u m b e r  of j e t s  a round  the  p e r i p h e r y  i = 8 a r e  shown in F i g s .  2 and 4.  T h e y  show tha t  b lowing  a je t  t h r o u g h  
a s y s t e m  of d i s c r e t e  s l o t s  can  lead  only to  a s m a l l  i n c r e a s e  of t h e  p r e s s u r e  r e c o v e r y  r a t i o  in  t he  channe l  and 
t o  a r e d u c t i o n  of t h e  d y n a m i c  p r e s s u r e  loss  tha t  is  c o n s i d e r a b l y  l e s s  t h a n  in t he  c a s e  of a cont inuous  s l o t .  

T h e  ef fec t  of a p l a n e  s c r e e n ,  i n s t a l l e d  n e a r  t he  ou t le t  s e c t i o n  of t h e  channe l ,  was e s t i m a t e d  a l s o  as  
a p p l i c a b l e  to  " je t  d i f f u s e r s . "  T e s t s  wi th  j e t  b lowing  a n g l e s  of ~ = 60 ~ showed tha t  t h e  c h a r a c t e r i s t i c s  Cpt~l~(q) 
depend  s i g n i f i c a n t l y  on t h e  p o s i t i o n  of t h e  s c r e e n ,  and fo r  e v e r y  a i r  f low r a t e  ~ t h e r e  is a n  o p t i m u m  p o s i t i o n  
fo r  i t :  When  ~ = 60 ~ and wi th  an  e x p a n s i o n  r a t i o  of the  je t  d e v i c e  of 1.1 to  1:2, t he  r e d u c t i o n  of t he  d y n a m i c  
p r e s s u r e  loss  in  t he  p r e s e n c e  of a p l ane  s c r e e n  is found to  be" of t h e  s a m e  o r d e r  as  fo r  d i f f u s e r s  wi th  i m p e r -  
m e a b l e  wa l l s  and wi th  t he  s a m e  e x p a n s i o n  r a t i o .  When  ~ - 30 ~ the  e f f i c i ency  of a " je t  d i f f u s e r "  in t he  p r e s -  
ence  of  a s c r e e n  i s  not  i n c r e a s e d .  

In  o r d e r  to  e s t i m a t e  t h e  d y n a m i c  p r e s s u r e  loss  in a channe l  wi th  a j e t  s e c t i o n ,  t h e  g e n e r a l i t y  of t h e  func-  
t i ons  Cp(Cp, (~) (F ig .  3) can  be  u s e d ,  by  a p p r o x i m a t i n g  t h e m  to  t he  func t ion  

% ~ cp0 ~- z (a) c ~ (2) 

and t h e  func t ion  APc(q,  f) is  r e p r e s e n t e d  in  t he  f o r m  
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Fig.  4. Curves  of ~ p ~ )  for  di f ferent  values  of cr 
f ,  and ~ .  I - I l l  and 1-4) see Fig. 2. 

A Pc =2APclpU~ = ~q2 IP, (3) 

where  ep0 is the p r e s s u r e  coefficient in the channel with a jet device  when ~ = 0 and $ is an exper imenta l  coef-  
f icient,  depending on the  p a r a m e t e r s  of the s lot  dev ice .  For  conical  jet devices  with angles of 10 ~ - a -< 60 ~ 
~c~ ~ 0.068a6"15: Taking account of Eqs~ (2) and (3) when 1/(1 +q)  = 1 - -  q; ~b/(1 + ~ ) ~  q; and els = 2 ~ / f ' ,  
fo rmula  (1) for  the to ta l  loss coefficient  a s s u m e s  the f o r m  

~ e ~  I --~--lop0 + z(~)c ~ + ~q"lf 2. (4) 

The opt imum magnitude of the a i r  flow r a t e  ~opt,  cor responding  to min imum dynamic p r e s s u r e  losses  in the 
channel whend~p /d~  = 0, c o m p r i s e s  

-qopt ~-- 0.58f ~-0.5 i1 -k 1.41 n (a) f -~  ~ (5) 

and the min imum magnitude of the loss is 

~Pmin ~ 1 - -  Cp0 - -  0.385[ ~-0.5 [1 ~ 1.41 • (a)7-~ 1"5. (6) 

The calculations by formulas (5) and (6) coincide satisfactorily with the experimental data and can be 
used for choosing the parameters of jet devices for cylindrical channels~ 

N O T A  T I  ON 

T = f / F ;  f, a r e a  of the annular  nozzle;  F, c r o s s - s e c t i o n a l  a r e a  of the channel; f'~0 = f~/f ;  f~, a r ea  in 
the  c lea r  of a noncontinuous s lot ;  t ,  width of the nozzle;  d, d i a m e t e r  of the t r a n s v e r s e  sec t ion  of the channel; 
l ,  length of the  channel; n, expansion r a t io  of the di f fuser ;  ~ = q/Q; q, a i r  flow r a t e  through the nozzle;  Q, 
a i r  flow r a t e  through the channel; cl~, jet momentum coefficient ,  c#  = 2~2/T; ep, p r e s s u r e  r e c o v e r y  coeff i -  
cient; Cp = 2Api/pu2; Apc = 2APc/pu2; Ap, p r e s s u r e  d rop  i n f h e  a tmosphe re ;  p, densi ty;  u = u/ui ;  u, axial  
veloci ty  component;  ul, a v e r a g e  veloci ty  in the outlet sec t ion  of the channel; a ,  mouth angle of the annular  
conical  jet; gp,  dynamic  p r e s s u r e  loss coefficient;  ~, ae rodynamic  r e s i s t a n c e  coefficient  of the nozzle de-  
vice;  Re,  Reynolds number ;  Re = uld/v;  ~, k inemat ic  v i scos i ty .  Indices:  1, outlet sec t ion  of channel; c, 
chamber ;  s ,  nozzle  exit .  
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