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This paper presents the results of an experimental study of the de- 
velopment of a two-phase jet containing solid particles with initial 
concentration H0 -< 1.0 kg/kg. The experimental data show that 
the temperature fields in the jet cross sections in dimensionless 
coordinates may be correlated by a single universal curve for var- 
ious sections and various initial concentrations. The effect of solids 
on the jet boundary layer growth is shown to be greater than expected 
before. It is found that the increase of the width of the air-dust jet 
depends not only on the density variation across the mixing zone 
but also on the effect of the solid particles on the turbulent mixing 
process. This effect results in slower increase of the width of the 
jet and, consequently, slower damping of the jet. 

A i r - d u s t  je ts  have numerous  appl icat ions in tech-  
nology, in pa r t i cu l a r  in the b u r n e r s  of coa l -dus t  
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Fig. 1. Damping of the axial velocity:  1) a i r - d u s t  
jet,  exper imenta l ;  2) a i r - d u s t  jet,  calculated from 
[1]; 3) a i r  jet.  a) d 0= 2 1 m m , ~ 0  = 0  kg/kg,  U0m= 
= 38.2 m / s e e ;  b) 27, 0, 46.7, respect ively;  c) 35, 
0, 22.4; d) 21, 0.65, 20.7; e) 21, 0.65, 35.1; f) 27, 
0.65, 19.2; g) 27, 0.56, 31 .4 ;h )  35, 0,65, 19.7; i) 35, 

0.65, 23.4. 

fu rnaces .  However, the p r inc ip les  governing the 
development  of je ts  containing s igni f icant  amounts  
of heavy solids have not been studied to a suff ic ient  
degree .  G. N. Abramov ich ' s  analyt ic  solut ion [1] 
is based on seve ra l  physical  assumpt ions ,  some of 
which have by now been shown to cont radic t  exper i -  
menta l  data.  Thus, for example,  it  has been assumed 
in [1] that the field of d imens ion l e s s  concent ra t ion  in 
t r a n s v e r s e  c r o s s - s e c t i o n s  of the je t  is s i m i l a r  to 
the t empe ra tu r e  field and can be descr ibed  by the 
re la t ion  

x = •215 = l - .~1.5, (1) 

This is  equivalent  to a s suming  that the t r a n s v e r s e  
mass  t r a n s f e r  p roces s  does not depend on the sub-  
s tance  being t r a n s f e r r e d .  The exper imenta l  data of 

[2-4]  show (though they do not set t le  the quest ion)  
that the concen t ra t ion  field of a rea l  dust, moving 
in je ts  with cons ide rab le  re la t ive  veloci t ies  [5], 
differs  f rom the f ield r ep re sen t ed  by (1). A. P.  
Chernov [6] a t tempted to supplement  the solution 
of [1] by taking into account  the re la t ive  motion of 
the phases,  s t a r t ing  f rom the exper imenta l  fact that 
the ra t io  of the veloci t ies  of the par t i c les  and the 
ca r ry ing  fluid is  constant  in a t r a n s v e r s e  sect ion of 
the je t  [7]. However, he has assumed  that this ra t io  
is constant  also along the jet .  It  s t i l l  is an open 
ques t ion how well  the a i r - d u s t  je t  can be r ep resen ted  
by the equations of a je t  with var iab le  densi ty .  All 
this r equ i r e s  that the analyt ic  solution [1] be compared 
with exper imenta l  data.  However, there are  no ex- 
pe r imen ta l  data on the damping of the axial velocity 
of a i r - d u s t  jets ,  if one d i s r ega rds  the ex t remely  
r e s t r i c t ed  data of I. E. Kubynin [2]. 

In our  exper iments  we studied the dynamics  of 
a p remixed  a i r - d u s t  jet, emerg ing  f rom a long c i r -  
cu la r  tube with d i ame te r  d o = 21, 27, or  35 mm with 
var ious in i t ia l  veloci t ies  (from 15 to 40 m / s e e )  and 
var ious in i t ia l  concent ra t ions  (from 0 to 1 kg/kg).  
To p repa re  the mixture ,  the dust  was fed by means  of 
a Screw feeder  to the mixer ,  f rom where the mix ture  
entered into a hor izonta l  acce le ra t ion  tube. The 
length of the acce le ra t ion  sect ion was chosen so that 
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Fig. 2. Damping of axial  veloci ty of an a i r - d u s t  
jet: 1-6)  exper imenta l  curves ;  7-11)  calculated 
from [1] for u0= 0.2, 0.4, 0.6, 0.8, and 1.0, r e -  

spect ively .  

the c h a r a c t e r i s t i c  velocity of the solid phase at the 
tube exit  was equal to the cha rac t e r i s t i c  velocity of 
the air ,  i . e . ,  so that the dust  was fully acce le ra ted .  
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The so l id  phase  cons i s t ed  of d u s t - l i k e  a s h  of 'Es ton-  
ian sha l e  with spec i f i c  g r a v i t y  - /=  2 .5 -2 .6  g / c m  3 
and g r a n u l o m e t r i c  c o m p o s i t i o n  R200 = 1.5%, R~50 = 
= 2 . 5 % .  R I 0  2 = 6 . 5 ~ a ,  R?5  = 12.5% and R60 = 20.5%~ with 
a p r e d o m i n a n t  f r ac t i on  of p a r t i c l e s  in the r ange  
5 = 20 -60p  ( typica l  R20 = 80%). 

The ve loc i ty  p ro f i l e  at the nozz le  exi t  was  n e a r l y  
turbulent ,  and the ve loc i ty  f ie ld  of the so l id  phase  
was a x i s y m m e t r i c  and somewha t  s h a r p e r .  Thus the 
in i t i a l  c o n c e n t r a t i o n w a s  n e a r l y  un i fo rm.  The ve loc i t i e s  
w e r e  m e a s u r e d  by a s p e c i a l  suc t ion  tube which has  
been d e s c r i b e d  in [2] and [4]. 

As  can be seen  f r o m  F ig .  1, f o r  a g iven  i n i t i a l  
concen t ra t ion  ~ = 0.65 k g / k g  the cu rve  of the d i m -  
e n s i o n l e s s  ax ia l  ve loc i ty  i s  u n i v e r s a l  fo r  d i f f e ren t  
nozz l e s  o v e r  the whole  r ange  of in i t i a l  ve loc i t i e s  
c o n s i d e r e d  h e r e .  The s a m e  f igu re  shows a cu rve  
of d i m e n s i o n l e s s  ax ia l  ve loc i ty  ca l cu l a t ed  f r o m  [1] 
fo r  the s a m e  in i t i a l  concen t ra t ion ,  and a l so  an 
e x p e r i m e n t a l  cu rve  for  pu re  a i r ,  which co inc ides  
with the t h e o r e t i c a l  cu rve .  S i m i l a r  e x p e r i m e n t a l  da t a  
on the damping  of the ax ia l  ve loc i ty  of an a i r - d u s t  
j e t  w e r e  ob ta ined  fo r  >~ = 0, 0.2, 0.4, 0.6, 0.8, and 
1.0 k g / k g  (1 -6  in F ig .  2) .  A c o m p a r i s o n  of these  
cu rves  with c u r v e s ' c a l c u l a t e d  f r o m  [1] shows that  
the d i s c r e p a n c y  be tween  e x p e r i m e n t  and theory  in -  
c r e a s e s  with i n c r e a s i n g  in i t i a l  concen t ra t ion .  
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Fig .  3. Ve loc i ty  f i e ld  of an a i r  je t  and 
an a i r - d u s t  j e t  (U in m / s e c ,  Z in mm)  
f o r x = 3 0 0 m m ,  d 0 = 2 7  mm,  U m = 2 2 . 8  
m / s e c  and va r ious  in i t i a l  c o n c e n t r a -  
t ions: a) ~ = 0 kg /kg ,  r c = 31.0 m m ;  
b) 0.16 and 29.0, r e s p e c t i v e l y ;  c) 0.31 

and 26.8; d) 0.62 and 22.5. 

F i g u r e  3 c o m p a r e s  the f ie lds  of abso lu te  ve lo -  
c i t i e s  of an a i r  j e t  and an a i r - d u s t  j e t  in a given 
c r o s s  sec t ion  with a cons tan t  value of t h e  ax ia l  
ve loc i ty  at  the c e n t e r  of the sec t ion  but  va r ious  i n ,  
i t i a l  concen t r a t i ons .  T h e s e  da ta  show the s ign i f i -  
cant  e f fec t  the so l id  phase  has  on the ve loc i ty  f i e ld .  
The ve loc i ty  f ie ld  b e c o m e s  n a r r o w e r  with i n c r e a s i n g  
in i t i a l  concen t r a t ion .  The e x p e r i m e n t a l  points  can 

be c o r r e l a t e d  by the u n i v e r s a l  cu rve  U/U m = f  ( r / r0 . sUm)  
in d i m e n s i o n l e s s  c o o r d i n a t e s  (F ig .  4). M e a s u r e m e n t s  
of the ve loc i ty  f i e lds  in d i f f e ren t  c r o s s - s e c t i o n s  of the 
jet ,  e m e r g i n g  f r o m  d i f f e ren t  nozz l e s  with d i f f e r en t  
i n i t i a l  concen t r a t i ons ,  c on f i rm  this u n i v e r s a l i t y .  I t  
should be noted, however ,  that  our  method  of m e a s -  
u r e m e n t  and the des ign  of the e x p e r i m e n t a l  s e t  up 
a l lowed us to take m e a s u r e m e n t s  only o v e r  two 
th i rds  of the d i m e n s i o n l e s s  width of the je t .  
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Fig .  4. Ve loc i ty  p r o f i l e  in t r a n s v e r s e  c r o s s -  
s ec t i ons  of the j e t .  Solid l i n e - - S c h l i c h t i n g ' s  
p ro f i l e  U = U/U m = (1 - ~1.5)2: a) ~r = 0.2 
kg /kg ,  d o = 3 5 : m m ,  x / r  0 = 11.4; b) 0.4, 35, 
11.4, r e s p e c t i v e l y ;  c ) 0 . 4 ,  27, 9.65; d) 0.4, 
27, 17.0; e ) 0 . 4 ,  27, 29.6; f ) 0 . 6 ,  27, 17.0; 

g) t .0 ,  27, 17.0 .  

Thus, the e x p e r i m e n t a l  da t a  show that  the ve loc i ty  
f i e lds  in d i f f e ren t  c r o s s  s ec t i ons  of the a i r - d u s t  j e t  
a r e  s i m i l a r ,  but  the damping  of the ax ia l  ve loc i ty  
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Fig.  5. H a l f -ve loc i t y  l ine in an a i r - d u s t  j e t :  
1, 2, 3, 4, 5, 6 ) e x p e r i m e n t a l  c u r v e s  f o r ~  0 = 
= 0, 0.2, 0.4, 0.6, 0.8, 1.0, r e s p e c t i v e l y ;  7) 
ca l cu l a t ed  acco rd ing  to [1] for  >% = 1.0 kg/kg;  
a) ~0 = 0  kg /kg ,  d o = 27 mm; b) 0.16, 27, r e -  
spec t ive ly ;  c) 0.2, 27; d) 0.31, 27; e) 0.40, 27; 
f) 0.46, 27; g) 0.60, 27; h) 0.62, 27; i) 1.0, 27; 

i) 1.0, 27; j) 0, 35; k) 0.2, 35; 1) 0.4, 35. 

d i f f e r s  f r o m  the ca l cu l a t ed  va lues .  T h e r e f o r e  i t  is  
i n t e r e s t i n g  to d e t e r m i n e  the quant i t a t ive  ef fec t  of 
the so l id  phase  on the i n c r e a s e  of the j e t  width.  
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Figure 5 shows the dimensionless half-velocity lines 
for various initial concentrations. Assuming the uni- 
versali ty of the t ransverse  fields, these lines chara-  
cterize the increase of width of the air-dust  jet and, 
consequently, the effect of the solid phase on the 
t ransverse  mass t ransfer  process .  

Figure 5 also shows the half-velocity line for an 
a i r -dus t  jet with initial concentration no = 1 kg/kg, 
calculated according to [1] taking into account the 
increase  of width of a jet with variable density: 

dr | t-- 0.5• (2) 

dx 1 -}- • 

A comparison of the curves shows a s t ronger  
effect of the solid phase on the development of the 
jet. This can be explained, apparent ly ,  by the ad- 
ditional effect of real  inertial particles on the tur-  
bulent s t ructure of the jet, and, consequently, on 
the t ransverse  t ransfer  process .  L. G. Loitsyanskii 
[8], for example, assumes that in the case of high 
particle loading, the particles partially quench the 
turbulent pulsations. 

This additional effect is proportional to the axial 
concentration. If we assume that the effect of the 
variable density on the increase of width of the jet 
can be represented by (2) also in the case of an 
a i r -dus t  jet, then the additional effect can be re -  
presented by the coefficient 

cr = l ' - - •  (3) 
1 + •  

The equation governing the increase of width of the 
air-dust  jet becomes then 

dr 1 + 0.5• ( f ) 
- -  = c 1 x m  . ( 4 )  
dx 1 + • 1 + • 

Introducing (4) into the equations of [1] and taking 
into account the nonuniformity of the initial profile 
measured in the experiments, we can obtain good 
agreement between the experimental data and the 
theory when the value of the coefficient is taken 
to ~)ef = 0.28. The value o f f  is, apparently, slightly 
dependent on the composition of the dust. 

NOTATION 

~0--initial mass concentration; n--mass concen- 
tration; V~n--mass concentration on the axis; U-- 
velocity; Um--axial velocity; U0m--maximum velocity 
at the nozzle; r--radial coordinate; r0.sUm--radial 
distance from axis to the point where the velocity 
is one half the axial velocity; R--jet radius; ~ = r/R; 
c and f--empirical constants. 
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